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Series Preface

The vision behind the conception of “Orthopaedic Study Guide Series” was 
to create a book series that will cover the need of effective and focused revi-
sion study for all young orthopedic surgeons. This is a study guide that is the 
spiritual child of FORTE, the Federation of Orthopedic Trainees in Europe.

The main goal is to highlight some key issues for exam and stimulate 
young colleagues for additional study. Following these principles, this study 
guide was built with a unique format incorporating text with concise informa-
tion, review questions, key points, description of case studies, mnemonic 
tricks, and references/suggestions for additional study.

The editors would like to thank FORTE for their continuous support in this 
project, and Springer for their commitment towards the study guide series.

More importantly, we would like to thank the authors and editors for their 
substantial contribution to this series and their dedication towards orthopedic 
education and training.
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It is an honor and a pleasure for me to write the introduction to the inaugural 
edition of FORTE (Federation of Orthopaedics Trainees in Europe) Book 
series. Dr. Huri was a research fellow at our institution in the Division of 
Shoulder and Elbow Surgery, and despite being a brilliant person, a hard 
worker, and a good friend, he always seemed to understand and empathize 
with all of the trainees at our institution. He was a master at teaching and 
helping the students, residents, and clinical fellows conceptualize and under-
stand the shoulder from the basic anatomy, to the biomechanics, to the exami-
nation, the interpretation of radiographs, the treatment options, and how to 
weigh what was best for the patient. He was always thinking of ways to make 
knowledge of shoulder conditions and treatments easier to understand to be 
applied in a practical way to shoulder practice. The result of that interest and 
awareness was the creation of the International Shoulder Club, which was 
designed to make it easier for those interested in shoulders to have an organi-
zation which would appeal to them. This organization was aimed at the 
trainee but also the younger generation of providers with an interest in 
shoulders.

The second product of his interest in shoulders and in helping educate 
other health care providers was this book. Dr. Huri has recruited an amazing 
group of contributors who not only have experience in shoulders but are close 
enough to their training to understand what is important to know at every 
level. The result is a book of value not only to people new to the shoulder 
challenges but also to the seasoned veteran who wishes to have a quick and 
handy guide to the up-to-date concepts and knowledge of shoulder conditions 
and treatment.

The book is very concise and well organized by topic. Unlike many shoul-
der books this book gives solid advice and guidance about the nonoperative 
treatment of most shoulder conditions. There is enough information here for 
the novice and the expert in a concise and easy-to-understand format. In the 
theme mentioned above of thoughtfulness about those training in shoulder 
surgery or in orthopedics in general, each chapter is followed by multiple 
choice type questions to assist in preparing for boards or for the gruffy attend-
ing at your throat.

I can recommend this book without any reservation and it should become 
a best seller for those within orthopedics and in shoulders particularly.

Baltimore, MD, USA Edward G. McFarland

Contributor Preface I
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Over the past decade, the field of orthopedic surgery has become significantly 
competitive from the perspective of orthopedics residents. Most residents are 
interested in pursuing a career in orthopedic surgery and become a good sur-
geon. The FORTE book series is designed to provide orthopedics residents 
and trainees a resource to enable them to be more proactive about their intra-
operative learning. This book offers a roadmap for the most common ortho-
pedic operative procedures in shoulder surgery. Each chapter presents the 
basic science, anatomy, biomechanical features of shoulder, principles of 
physical examination, and an algorithmic approach to shoulder disorders.

This book covers the contents of what an orthopedics and traumatology 
resident need to know about current trends and concepts about the shoulder.

I hope that this book assists all the trainees in optimally improving their 
shoulder knowledge and increase the success in board exams.

Thank you very much indeed to Dr. Gazi Huri for his outstanding effort in 
editing this book and inviting me to participate in this nice work.

Ankara, Turkey Mahmut Nedim Doral

Contributor Preface II



xiii

The medical field is continuously changing and growing—aiming to perfect 
treatments and create better experiences for patients. Today, there are simple 
procedures for conditions which were very challenging to treat years before. 
Like other focuses of medicine, orthopedics has also changed for a great deal 
over the years and has become an area which treats an endless array of condi-
tions. A hundred years ago, orthopedic surgery was in its infancy and ortho-
pedic residency did not even exist. Orthopedics practice was learned in a 
traditional master and journeyman relationship, or most of the time, just by 
trial and error. But today, we have several modern and rapid ways of learning 
and practice. In addition to several educational materials in orthopedics, I 
believe that this book will be a good reference source that would provide the 
knowledge base needed for competent orthopedics practice. This book covers 
the contents of what an orthopedics and traumatology resident need to know 
with a primary focus on shoulder.

This book is one of the educational projects of Federation of Orthopaedics 
Trainees in Europe (FORTE) with outstanding international efforts under-
neath. In this book, we aimed to create a reference which is based on European 
Education Platform (EEP) core curriculum for preparing for European Board 
of Orthopaedics and Traumatology (EBOT) Exam. Based on that, this book 
contains 30 chapters discussed by outstanding experts in the shoulder field. 
Among these experts, I would like to express my deepest appreciation to 
Prof. Mahmut N. Doral, Prof. Edward G. McFarland, Prof. Ofer Levy, Prof. 
Young L. Moon, Prof. Uma Srikumaran, Dr. Ehud Rath, Dr. Filippo Familiari, 
and all other valuable contributors from all over the world such as the USA, 
Turkey, the United Kingdom, Israel, Italy, Greece, France, and Korea.

Furthermore I would like to thank my friends Dr. Enis Guryel, Dr. Bram 
Hentenaar, Dr. Nikolaos Paschos, and Dr. Joao Vide as the FORTE presidents 
for their great motivation and support. Also I would like to convey my sincere 
thanks to Ms. Liz Pope for her great patience and encouragement during the 
project. It was a great pleasure for me to collaborate with her in that long trip.

Finally, I would like to thank my biggest supporters, my daughter Alin 
Defne and my wife Pınar. Thank you for understanding me even when I 
worked till mornings and unable to spend time with you. Thank you for lov-
ing me. Thank you for being in my life.

Enjoy the book!
 Yours sincerely

 Gazi Huri

Editor’s Preface
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Shoulder Anatomy

Nickolas G. Garbis

The shoulder is a complex joint that is essential 
to daily function. It serves as the connection of 
the axial skeleton to the upper extremity. It has an 
essential function in positioning the upper 
extremity in space, to allow us to interact with the 
environment, and to manipulate our surround-
ings. In this chapter, we will present an overview 
of the basic anatomy of the shoulder

 Bones and Joints

There are four bones which comprise the shoul-
der girdle. The sternum, the clavicle, the scap-
ula, and the humerus. Going over the specifics 
of these individual bones will assist in under-
standing the relationships between them and 
the rest of the body. In addition, there are sev-
eral articulations considered when evaluating 
the shoulder girdle. These are the sternoclavic-
ular (SC) joint, acromioclavicular (AC) joint, 
and the glenohumeral joint. Although not tech-
nically “joints,” we also take into consideration 
certain articulations or potential spaces, namely 
the subacromial space and the scapulothoracic 
bursa.

 Sternum

The sternum is derived from the Greek word 
στέρνον which means chest. It serves as the connec-
tion point of the appendicular skeleton to the axial 
skeleton [1]. The sternum is composed of three 
parts: the manubrium (Latin: handle), the body, and 
the xiphoid process. The sternum at its most cepha-
lad portion has a notch which is a depression between 
the two sternoclavicular joints [2]. The sternocla-
vicular articulation consists of shallow notches at the 
superolateral corners of the manubrium that articu-
late with the medial ends of the clavicles (Fig. 1.1). 
The manubrium and body also serve as the insertion 
point of the costal cartilages for ribs 1–7. While the 
majority of orthopedic surgeons will not perform 
any surgical procedures on the sternoclavicular joint, 
it is important to understand it’s role in the biome-
chanics of shoulder motion.

 Clavicle

The clavicle is a curved bone that spans from the 
sternum medially to the acromion laterally. It has 
a flattened shape near the lateral third but a con-
vex shape medially [2]. It is the first bone in the 
body which begins to ossifymm in utero at 
5 weeks of life. The medial epiphysis is also the 
last bone to fuse at age 23–25 [3]. At the sternal 
end, the clavicle is approximately 23 mm × 22 mm 
in cross section, 12 mm × 12 mm in the diaphy-
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sis, and 21 mm × 11 mm at the lateral end [4]. 
The clavicle is stabilized by the acromioclavicu-
lar and coracoclavicular (trapezoid and conoid) 
ligaments (Fig. 1.2). The primary restraint pro-
vided by the acromioclavicular ligaments is in 

the anteroposterior direction. The primary 
restraint provided by the conoid and trapezoid 
ligaments is in the craniocaudal direction [5].

The clavicle acts as a strut that supports the 
arm for activities that are performed away from 

Fig. 1.1 Diagram of  
the sternoclavicular  
joint [36]

a b

Fig. 1.2 Gross anatomy of the coracoclavicularligaments (a) Anteriorview. (b) Anteriormedialview. CP coracoid pro-
cess, TL transverse ligament, SSN suprascapular nerve, CAL coracoacromial ligament [37] (Chapter 17, Yon-Sik Yoo)
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the body. It also serves as protection for underly-
ing neurovascular structures [6], and potentially 
as a mechanical advantage for the myofascial 
sleeve surrounding it [7].

 Scapula

The scapula is a flat triangular bone with multiple 
prominences. It acts as a mobile point of fixation 
for several of the upper extremity stabilizing 
muscles. The scapula is curved to articulate over 
the rib cage. It has a prominent spine posteriorly 
(Fig. 1.3) to serve as the division between the 
supraspinatus and infraspinatus fossae. In addi-
tion, the coracoid projects anteriorly and is an 
important landmark in surgical anatomy (some-
times called the “lighthouse of the shoulder”) [8]. 
The conjoined tendon of the coracobrachialis and 
short head of the biceps take their origin off the 
coracoid. In addition, the coracoid serves as the 
insertion site of the pectoralis minor tendon 
(Fig. 1.4). The coracoclavicular and coracoacro-
mial ligaments also attach to the coracoid. The 
acromion is one of the more easily palpable 
prominences of the scapula, and serves as the 
connection point of the clavicle to the scapula 
and also serves as the origin of the deltoid mus-
cle. Towards the lateral end of the scapula, the 
bone flares into the glenoid neck and terminates 

into the glenoid fossa. The glenoid anatomy can 
be variable but the version usually ranges between 
9.5° of anteversion to 10.5° of retroversion [9]. 
Mean glenoid inclination is approximately 4° of 
superior tilt [10]. The same study reported an 
average glenoid size of 27.8 mm × 37.5 mm in 
men, and 23.6 mm × 32.6 mm in women.

 Humerus

The humerus is the extension of the shoulder 
joint that allows us to position our distal extrem-
ity in space. The humeral head is the ovoidproxi-
mal end of the humerus that articulates with the 
glenoid. Its average radius of curvature is 24 mm 
in the coronal plane, and the average thickness is 
19 mm [11]. The average articular surface diam-
eter has been reported as 43 mm [12]. The greater 
and lesser tuberosities serve as attachment points 
for the rotator cuff tendons (Fig. 1.5). The sub-
scapularis attaches to the lesser tuberosity. The 
supraspinatus, infraspinatus, and teres minor 
attach to the greater tuberosity. The bicipital 
groove is found between the two tuberosities, and 
can serve as a landmark during surgery. The ret-
roversion of the proximal humerus can be vari-
able anywhere from 10–50° and is usually quoted 
as averaging 30° [13].Fig. 1.3 Posterior view of a left scapula

Fig. 1.4 Anterior view of a left scapula

1 Shoulder Anatomy
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 Sternoclavicular Joint

The sternoclavicular joint is a synovial joint at 
the superior end of the sternum and the medial 
aspect of the clavicle [14]. It has been described 
as both a ball and socket joint and a saddle joint 
[15]. In addition, the first costal cartilage is at 
the inferior aspect of the sternoclavicular joint. 
The sternoclavicular joint serves as the only 
bony connection of the axial skeleton to the 
upper extremity. The ligamentous restraints of 
the joint come from thickenings of the capsule. 
The primary restraint of the sternoclavicular 
joint is the posterior sternoclavicular ligament. 
There is an articular disc that attaches superi-
orly and inferiorly that lies between the medial 
end of the clavicle and the sternum [16]. There 
is also a costoclavicular ligament which con-
nects the medial end of the clavicle to the first 
rib (Fig. 1.1). This helps restrict superior migra-
tion of the clavicle. There is approximately 
30–35° of elevation and 35° of flexion and 
extension [3]. Most of the motion at the sterno-
clavicular articulation occurs in the first 90° of 
elevation [17].

 Acromioclavicular Joint

Moving laterally, the acromioclavicular (AC) 
joint is the articulation between the lateral end of 
the clavicle and the medial end of the acromion. 
The articular ends of both the clavicle and the 
acromion are covered with fibrocartilage. In 
addition to the fibrocartilage, there is an articular 
disc that is meniscoid in nature and covers 
mostly the superior portion of the joint [18] 
(Fig. 1.6). The angle of the joint can be quite 
variable, and should be considered if any surgi-
cal procedure is to be undertaken [19]. Most of 
the stability in the anterior and posterior direc-
tion is provided by the AC ligament. The coraco-
clavicular (CC) ligaments are composed of the 
conoid (posteromedial) and the trapezoid 
(anterolateral) ligaments. These serve to main-
tain the craniocaudal relationship between the 
clavicle and the coracoid and provide most of the 
vertical stability [20].

 Glenohumeral Joint

The glenohumeral joint is the “ball in socket” or 
more appropriately “ball on golf tee” joint that 
allows a significant amount of mobility to position 

Fig. 1.5 Posterior and anterior views of the proximal 
humerus demonstrating the tuberosities and the bicipital 
groove

Fig. 1.6 Left shoulder: acromial side of the A/C joint. The 
entire capsule, detached from the clavicular side, is still 
attached at the acromial side, making the acromioclavicular 
ligaments visible (ACR acromion, articular side, AL a/c 
anterior acromioclavicular ligament, IL a/c inferior acro-
mioclavicular ligament, PL a/c posterior acromioclavicular 
ligament. SL a/c superior acromioclavicular ligament) [38]
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the arm in space (Fig. 1.7). To account for this 
mobility, there are several static and dynamic 
restraints to range of motion. Unlike the hip, only 
a small portion of the humeral articular surface is 
in contact with the glenoid at any given point [21]. 
The glenoid labrum surrounds the bony glenoid 
and is a ring of fibrocartilage that serves to deepen 
articular surface and provide stability [22]. The 
labrum also serves as an attachment site for the 
glenohumeral ligaments, joint capsule, and long 
head of the biceps tendon [23] (Fig. 1.8).

Any alteration in the structure and morphology 
of the glenohumeral joint can lead to increased 
instability. Changes in the articular version can lead 
to increased instability. Additionally, capsulolabral 
tears can allow for increased glenohumeral transla-
tion. Fractures or recurrent dislocations with bone 
loss can decrease the effective glenoid articular sur-
face, which can lead to increased instability. The 
fluid in the shoulder producing an adhesion-cohe-
sion effect can also stabilize the joint [24].

As mentioned previously, the capsule and 
labrum play a large part in the stability of the 
joint. There are several named thickenings of the 
joint capsule that serve as named ligamentous 
stabilizers of the glenohumeral joint [25] 
(Fig. 1.8). As static stabilizers, they come into 
play at the end range of motion in various direc-
tions, as the structures are placed on stretch.

The inferior glenohumeral ligament is a ham-
mock like structure at the inferior aspect of the 
shoulder. It has been described as being com-
posed of three parts: the anterior band (AIGHL), 
the posterior band (PIGHL) and the axillary 
pouch (AxIGHL) [26]. When the arm is placed in 
abduction the ligament tightens and further tight-
ens in external rotation to maintain the humeral 
head centered in the glenoid. The middle gleno-
humeral ligament (Fig. 1.9) limits external 

Fig. 1.7 Left shoulder, frontal view (DEL deltoid, GLEN 
glenoid, HH humeral head, SSP supraspinatus) 
(Digiacomo and Dr. Pau Golanò) [38]

Fig. 1.8 Left cadaveric shoulder demonstrating labrum 
and intraarticular ligaments [37] (Chapter 9, Apostolakos 
et al.)

Fig. 1.9 Arthroscopic image of the middle glenohumeral 
ligament coming off at 90° angle to the subscapularis ten-
don. Patient is in the beach chair position, image taken 
from the posterior portal (Nickolas G. Garbis, MD)
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 rotation with the arm at the side. Its anatomy is 
variable but usually attaches to the upper aspect 
of the anterior glenoid, runs deep to the subscap-
ularis, and inserts onto the lesser tuberosity. A 
sublabral foramen is found in 12% of arthrosco-
pies, a cord-like MGHL in 18%, and a Buford 
complex in 1–2% of arthroscopies [27, 28]. The 
Buford complex is defined as an absent anterosu-
perior labrum and a cord like MGHL which orig-
inates from the superior labrum. The superior 
glenohumeral ligament (SGHL) limits inferior 
translation and external rotation. It also prevents 
anterior-superior escape of the humeral head. It 
usually originates from the supraglenoid tubercle 
anterior to the biceps, but can be variable and has 
been classified to three different types of origin 
[29]. The posterior capsule structures are usually 
thin but can limit posterior translation and can 
limit adduction across the body. The coracoacro-
mial ligament along with the coracoid and the 
acromion also serve as static stabilization to pre-
vent superior migration of the humeral head.

The dynamic stabilizers help support the 
joint through the midrange of motion. These 
are primarily composed of the rotator cuff and 
periscapularmuscles. The long head of the 
biceps may assist in depressing the humeral 
head, but it’s role in shoulder stability is 
debated [30]. The rotator cuff compresses the 
humeral head into the glenoid, further enhanc-
ing stability [31].

 Subacromial Space

The subacromial space contains a bursa that sep-
arates the rotator cuff and supraspinatus muscle, 
from the deltoid and the acromion above it. 
During arthroscopic approaches, several struc-
tures can be assessed from the subacromial space, 
including the rotator cuff, CA ligament, AC joint, 
and biceps tendon (Fig. 1.10) The normal acro-
miohumeral interval on radiographs averages 
1.0–1.5 cm [32]. The acromion is often described 

by the degree of curvature into the subacromial 
space [33]. Type I is a flat acromion, type II is a 
curved acromion, and type III is a hooked acro-
mion (Fig. 1.11).

Scapulothoracic Bursa

The scapulothoracic articulation consists of sev-
eral bursae that assist gliding of the scapula over 
the ribcage. There have been two major and four 
minor bursae described. The major bursae are the 
scapulothoracic bursa and the subscapularis 
bursa. The four minor bursae are not always iden-
tifiable and are often secondary to pathologic 
scapulothoracic articulation (Fig. 1.12).

 Muscles

There are several muscles that affect the shoulder, 
and it’s helpful to group them into regions, or to 
think of them based on their general origin or 

Fig. 1.10 View of the right subacromial space from a 
posterior portal in beach chair position demonstrating a 
supraspinatus tear (Nickolas G. Garbis, MD)
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insertion. Most of the muscles that act on the 
shoulder take their origin from either the spinous 
processes, ribs/chest wall, or the scapula itself. 
Table 1.1 lists the pertinent muscles about the 
shoulder girdle. Figures 1.13 and 1.14  demonstrate 

the anterior and posterior relationships of the rota-
tor cuff muscles and tendons to the shoulder.

 Neurovascular Anatomy

The brachial plexus plays a central role in 
understanding the neuroanatomy about the 
shoulder girdle. The plexus is composed of 
nerve roots from C5 to T1, and is responsible for 
most of the innervation to the upper limb. As the 
plexus progresses distally, it traditionally is 
divided into different sections that medical stu-
dents around the world generated have multiple 
mnemonics to help remember them. Starting at 
the roots, they combine to form trunks, divi-
sions, cords, and terminate in branches. One of 
the more common mnemonics is “Robert Taylor 
Drinks Cold Beer,” or “Rugby Teams Drink 
Cold Beer” (Fig. 1.13). There are four precla-
vicular nerve branches which come from the 
rami and trunks: dorsal scapular nerve, long tho-
racic nerve, suprascapular nerve, and the nerve 
to subclavius (Fig. 1.15).

The vascular anatomy about the shoulder usu-
ally references the axillary artery and its relation-
ship to the pectoralis minor muscle. The axillary 
artery is the continuation of the subclavian artery, 
which comes off of the aorta on the left and the 
brachiocephalic trunk on the right. The subclavian 

Fig. 1.11 Enface view of the scapula demonstration acromial morphology

Scapulothoracic
(infraserratus)
bursa

Scapulotrapezial
(trapezoid)
bursa

Subscapularis
(supraserratus)
bursa

Scapulothoracic
(infraserratus) bursa

Fig. 1.12 Multiple named bursae around the shoulder, 
AP view (Hubbard and Poehling p 551,Hubbard JB, 
Poehling GG. Chapter 46: Scapulothoracic disorders. In: 
Milano G, Grasso A, editors. Shoulder arthroscopy prin-
ciples and practice. London: Springer)
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Fig. 1.13 Posterior view of the shoulder demonstrating 
the rotator cuff musculature. SSP supraspinatus, SS scapu-
lar spine, ISP infraspinatus, Tmin Teres minor [38]

Fig. 1.14 Anterior view of the shoulder demonstrating 
relationship of subscapularis to the suprapinatus. RI rota-
tor interval, CP Coracoid process, A/C acromioclavicular 
ligaments, CAL coracoacromial ligament, TRA trapezoid, 
CON conoid [38]

Table 1.1 Origins, insertions, innervations, and mechanisms of action of the muscles around the shoulder girdle.

Muscle Origin Insertion Function Innervation

Pectoralis Minor Ribs 3–5 Medial aspect of the 
coracoid

Protracts scapula Medial pectoral 
nerve

Pectoralis Major Sternum, clavicle, 
ribs

Lateral aspect of the 
bicipital groove

Adducts and 
internally rotates arm

Medial and lateral 
pectoral nerves

Latissimus Dorsi Spinous processes of 
thoracolumbar spine 
and ilium

Medial aspect of the 
bicipital groove[34]

Extends, adducts, 
internally rotates 
humerus

Dorsal scapular 
nerve

Trapezius Spinous processes 
C7–C12

Posterior surface lateral 
third clavicle, acromion, 
scapular spine

Rotates scapula Spinal accessory 
nerve (cranial  
nerve XI)

Rhomboid Major Spinous processes 
T2–T5

Medial border scapula Adducts scapula Dorsal scapular 
nerve

Rhomboid Minor Spinous processes 
C7–T1

Medial aspect of 
scapular spine

Adducts scapula Dorsal scapular 
nerve

Levator Scapulae Transverse processes 
C1–C4

Superomedial scapula Move scapula 
cephalad and rotate

C3 and C4

Subclavius First rib Inferior clavicle Moves clavicle 
caudally

Upper trunk 
brachial plexus

Serratus Anterior 1st–9th ninth ribs Ventral medial surface 
of scapula

Holds scapula against 
chest wall

Long thoracic 
nerve

Deltoid Lateral aspect 
clavicle, acromion, 
and scapular spine

Deltoid tuberosity of 
humerus

Abducts arm Axillary nerve

Teres Major Inferior scapula Medial aspect bicipital 
groove

Adducts, internally 
rotates, extends arm

Lower subscapular 
nerve

Subscapularis Ventral scapula Lesser tuberosity Internally rotates arm Upper and lower 
subscapular nerves

Supraspinatus Supraspinous fossa Greater tuberosity Abducts and 
internally rotates arm

Suprascapular 
nerve

Infraspinatus Infraspinous fossa Greater tuberosity Externally rotates arm Suprascapular 
nerve

Teres Minor Dorsolateral scapula Greater tuberosity Externally rotates arm Axillary nerve

Biceps Brachii Supraglenoid tubercle 
(long head) and 
coracoid (Short head)

Radial tuberosity Flex and supinate 
elbow

Musculocutaneous 
nerve

N.G. Garbis
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artery becomes the axillary artery at the lateral 
aspect of the first rib. Medial to the pectoralis 
minor (the first part of the artery), the only branch 
is the supreme thoracic artery. As the artery passes 
posterior (deep) to the pectoralis minor (second 
part), it gives off two branches: the thoracoacro-
mial and lateral thoracic arteries. The thoracoacro-
mial branch divides into four  different branches 
which supply several regions of the shoulder: 
acromial, clavicular, pectoral, deltoid. Lateral to 
the pectoralis minor muscle, (third part) it branches 
off into the subscapular artery, anterior circumflex, 
and posterior circumflex artery. The vascularity 
about the shoulder itself contains numerous anas-
tomoses and allows for retrograde filling in case of 
injury or defect [2, 35].

 Shoulder Anatomy

Which bones comprise the shoulder?
 A. The humerus and the scapula
 B. The humerus, the scapula, and the clavicle
 C. The humerus, the scapula, the clavicle and 

the sternum

Which of the following statements are true for 
the clavicle
 A. It is the first bone in the body which begins to 

ossifymm in utero
 B. The conoid and trapezoid ligaments provide 

stability in the anteroposterior direction
 C. It is formed by both intramembranous and 

endochondral ossification
 D. It is the only long bone that lies horizontally
 E. All the above
F . A & C & D
 G. A & B & D

Group the bone anatomic regions with the attach-
ments of muscular structures
 A. Lesser tuberosity
 B. Greater tuberosity
 C. Acromion
 D. Coracoid
 E. Labrum

 1. Subscapularis
 2. Pectoralis minor
 3. Long head of biceps
 4. Supraspinatus
 5. Deltoid

C4

Dorsal

scapular nerve

Phrenic nerve

Suprascapular nerve

Superior tr
unk

Lateral cord
Posterior cord

Radial nerve

Musculocutaneous nerve

Median nerve

Ulnar n
erve

Medial antebrachial

cutaneous nerve

Medial brachial

cutaneous nerve

Intercostobrachial

nerves

Pectoral

nerves
Medial cord Inferior trunk

Subclavius nerve

Long thoracic nerve

Middle trunk

Axillary nerve

Subscapular nerve

Supraclavicularnerves

C5

C6

C7

C8

T1

T2

Fig. 1.15 Diagram of 
the brachial plexus [37], 
p. 312
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Which is the primary restraint of the sternocla-
vicular joint
 A. Posterior sternoclavicular ligament
 B. Anterior sternoclavicular ligament
 C. Articular capsule
 D. Articular disc
Which of the following statements are correct?
 A. The inferior glenohumeral ligament is tight in 

abduction and external rotation
 B. The superior glenohumeral ligament limits 

inferior translation and external rotation
 C. A cord-like MGHL is found in approximately 

1 out of 5 patients
 D. All the above

Group the types of acromion with their 
characteristics
 A. Type I
 B. Type II
 C. Type III

 1. Flat acromion
 2. Hooked acromion
 3. Curved acromion
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Surgical Approaches to 
the Shoulder

Nickolas G. Garbis

 Deltopectoral Approach

The deltopectoral approach is one of the more 
common anterior approaches and is useful for a 
variety of different surgical procedures about the 
shoulder. As the name suggests, it takes advantage 
of an internervous plane between the deltoid (axil-
lary nerve) and the pectoralis major (medial and 
lateral pectoral nerves.) It was described by Henry 
in 1957 [1]. This approach provides excellent 
exposure to the anterior shoulder, including the 
coracoid, subscapularis, anterior humerus, biceps, 
and glenoid. The deltopectoral approach can also 
be extended into an anterolateral approach to the 
humerus in cases of trauma or where more exten-
sile exposure to the humeral shaft is needed.

 Operating Room Setup

There are several different positioning methods 
for the deltopectoral approach to the shoulder. It 
is usually performed in either the beach chair 
(semi-sitting) or supine position. It is possible to 
perform this approach while positioned lateral as 
well, but the operating surgeon may find it more 
awkward. In addition to the operating room bed, 
there are several commercial devices or head 

holders available to assist with positioning in the 
beach chair position. These allow for neutral 
alignment of the cervical spine while also giving 
more clearance to the posterior shoulder. This 
access is useful for better clearance with poste-
rior portals in arthroscopic surgery and also 
assists with dislocation of the humeral head dur-
ing shoulder arthroplasty procedures (Fig. 2.1). 

N.G. Garbis, M.D.  
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Fig. 2.1 Operating room setup in the beach chair posi-
tion. Note neutral position of the cervical spine, easy 
access to the posterior shoulder, and pneumatic arm holder
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How much to elevate the head of the bed is based 
on surgeon preference. A more seated position 
(higher angle on the head of the bed) allows for 
flatter hand positioning during shoulder arthros-
copy cases, whereas a more supine angle may 
allow for easier dislocation of the humeral head 
during open surgical cases. The beach chair posi-
tion can be associated with diminished cerebral 
perfusion [2] but taking precautions such as 
avoiding hypotensive anesthesia and using com-
pression stockings to improve venous return may 
help minimize these complications [3]. An arm 
holder or a padded Mayo stand can also be used 
to allow for control and positioning of the distal 
extremity.

 Surgical Incision and Dissection

The skin incision for the deltopectoral approach 
should provide adequate exposure to the deep 
deltopectoral interval. If an extensile approach is 
anticipated or may be needed in the future, then 
an incision along the course of the deltopectoral 
interval from the coracoid cephalad towards the 
pecrtoralis insertion on the proximal humerus 
distally can be easily extended into an anterolat-
eral approach to the humeral shaft (Fig. 2.2). 

Proximally, the incision can be extended to the 
clavicle to visualize the entire deltoid origin. 
Alternately, a more vertical incision from the 
coracoid into the axillary crease can be used, 
with subsequent skin flap mobilization to allow 
exposure to the entire deltopectoral interval. The 
incision into the axillary crease makes this more 
difficult to convert to an extensile approach if the 
humeral shaft needs to be visualized.

Once through the skin, the surgeon can per-
form superficial dissection through the subcuta-
neous fat down to the level of the fascia. As a 
technical point, the fascia of the deltoid is usually 
more superficial at the cephalad portion of the 
incision and deeper towards the more caudal end 
of the incision. At the fascial level, the next step 
is to develop the interval between the medial 
aspect of the deltoid and the lateral aspect of the 
pectoralis major [4] (Fig. 2.3). The interval is 
easier to identify near the coracoid and towards 
the clavicle. At this level, the pectoralis and del-
toid fiber orientation is easier to distinguish 
(Fig. 2.4). Distally, the fibers may appear more 
convergent, and often have interdigitations. This 
interval can often be identified by looking for the 
cephalic vein lying in the groove. The vein may 
be covered in a layer of fat making a longitudinal 
“fat stripe” parallel to the deltopectoral groove.

Fig. 2.2 Incision for a deltopectoral approach to the 
shoulder. Incision is starting at the coracoid and extending 
towards the pectoralis insertion on the humerus

Fig. 2.3 Subcutaneous dissection for the deltopectoral 
approach
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Meticulous dissection through this fat stripe 
and releasing the fascia over the vein proximally 
and distally will help mobilize the vein and pre-
vent tethering at the proximal and distal ends of 
the incision. When the vein is difficult to identify, 
it may be easier to look for it at either the proxi-
mal or distal ends of the interval. The vein can 
also be deep in the interval, and in cases of revi-
sion surgery, may be surgically absent or ligated 
(Fig. 2.5). There are more branch vessels between 
the deltoid and the vein than between the vein 
and the pectoralis major [5]. This often makes it 
easier to dissect and retract the vein laterally with 
the deltoid. At the proximal aspect of the wound, 
the vein crosses from medial to lateral, and 
aggressive deltoid retraction may lacerate the 
vein. If there appears to be tethering proximally, 
it may be more protective of the vein to dissect 
and retract medially with the pectoralis.

Once down in the interval, the pectoralis can be 
elevated off of the underlying fascia to further 

accentuate the space between the two muscles. 
This maneuver will further expose the coracoid and 
allow the surgeon to identify the conjoined tendon 
heading distally from the coracoid. The coracoac-
romial ligament should be visualized at the lateral 
aspect of the coracoid, heading towards the acro-
mion. Another useful pearl is that the surgeon can 
often develop the plane between the humeral shaft 
and the deltoid just laterally to the pectoralis major 
insertion. This will allow for placement of a distal 
retractor that can facilitate exposure at the inferior 
aspect of the approach (Fig. 2.6).

Fig. 2.4 The coracoid is visualized at the superior aspect 
of the wound. It is easier to distinguish the differing orien-
tation of the pectoralis major and deltoid fibers at this level

Fig. 2.5 Notice interval between deltoid and pectoralis 
major. In this patient, the cephalic vein is deep in the inter-
val and not visualized

Fig. 2.6 Distal retractor placed around the humeral shaft 
retracting the deltoid laterally. This exposes the pectoralis 
insertion. The proximal humerus is still obscured by the 
overlying deltoid

2 Surgical Approaches to the Shoulder
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The clavipectoral fascia can be found lateral 
to the conjoined tendon and inferior to the cora-
coacromial ligament. Incision of this fascia will 
allow easier access to the subcoracoid and sub-
deltoid spaces. When incising the fascia, take 
care not to plunge too deep as the subscapularis 
lies just below the level of the incision. The cora-
coacromial (CA) ligament should be preserved in 
cases of anatomic shoulder arthroplasty in order 
to maintain the integrity of the coracoacromial 
arch. The incision should also be lateral to the 
muscle belly of the short head of the biceps 
instead of following just lateral to the tendon. 
This will prevent incising into the biceps muscle 
belly and potentially increase bleeding. This inci-
sion of the fascia continues inferiorly until the 
superior border of the pectoralis insertion on the 
humerus. Some surgeons will release the upper 
1 cm of the pectoralis to allow for greater expo-
sure and easier external rotation. Once the fascia 
is incised the conjoined tendon is swept medially 
and the subcoracoid space is developed. The 
musculocutaneous nerve can sometimes be felt 
on the posterior aspect of the coracobrachialis 
approximately 5 cm distal to the coracoid tip, and 
the axillary nerve can be felt medially at the infe-
rior aspect of the subscapularis (Fig. 2.7). At this 
point, the subdeltoid space can be identified by 
developing the plane under the CA ligament. In 

cases with an intact rotator cuff, the retractor will 
be in the subacromial space, with the supraspina-
tus below and the acromion above. In cases where 
there is a deficient rotator cuff, the humeral head 
will often be palpable. Once the subdeltoid space 
is identified proximally and distally, the entire 
deltoid needs to be mobilized off of the humeral 
head and underlying bursa. The axillary nerve 
lies on the deep surface of the deltoid and can be 
injured if the fascia of the deep deltoid is ele-
vated. When developing this plane, there is a 
humeral branch from the posterior circumflex 
vessels that can be a source of brisk bleeding. If 
seen, this is often at the same level as the axillary 
nerve and to prevent nerve injury should be coag-
ulated off of the bone of the humerus, not off the 
deltoid.

Once the deltoid has been completely mobi-
lized, a self-retaining retractor (Kolbel type) can 
be placed with one blade under the conjoined 
tendon and one blade under the deltoid muscle. 
Excessive force on the retractor can injure the 
musculocutaneous nerve. A deltoid retractor 
(Browne type) may be useful in exposing more 
of the proximal humerus during the approach. If 
there is still restricted access to the proximal 
humerus, there are some extensile measures that 
can be performed. One of the problems is that 
the deltoid can be quite prominent and excessive 

Fig. 2.7 Musculo-
cutaneous nerve seen 
entering the 
coracobrachialis when 
exposing on the medial 
side of the conjoined 
tendon. This particular 
patient is undergoing a 
pectoralis transfer for 
subscapularis 
insufficiency
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force is needed to retract it adequately, which 
can permanently damage the muscle. In his sur-
gical text, Henry observed that “the muscle 
forms a thick unyielding cowl which gives when 
pulled aside a grudging revelation of bone and 
shoulder joint; and that will often be the last suc-
cessful thing it does” [1]. Removing or reflecting 
the clavicular origin of the deltoid muscle can 
improve visualization significantly. Thompson 
described subperiosteal stripping of the deltoid 
from the clavicle and acromion with reattach-
ment using cerclage sutures. A Mayo Clinic 
series of 81 anteromedial approaches to the 
proximal humerus were studied and found to 
have excellent results with no deltoid detach-
ments [6]. Redfern et al. [7] described an oste-
otomy of the anterior cortex of the clavicle to 
mobilize the anterior deltoid. They reported 
some minor complications of fracture, fibrous 
union, and prominent hardware. If more medial 
or neurovascular exposure is needed, a coracoid 
osteotomy or conjoined tendon release can be 
performed as well.

Once the proximal humerus is exposed, the 
surgeon should take some time to identify key 
structures. There is sometimes a bursal layer that 
covers the anterior shoulder structures, and this 
can be removed to assist with appropriate identi-
fication. One of the more useful landmarks to 
identify is the bicipital groove on the anterior 
humerus. The long head of the biceps tendon lies 
within the groove and can be traced up from just 
above the insertion of the pectoralis major all the 
way into the rotator interval. As the biceps 
approaches the rotator interval, it curves medially 
towards its insertion on the supraglenoid tuber-
cle. The upper border of the subscapularis can be 
usually felt in the interval. The inferior border of 
the subscapularis can usually be identified by the 
presence of the anterior circumflex artery and its 
two venae comitantes (the “Three Sisters.”). If 
the biceps tendon is elevated out of the groove, 
the upper border of the latissimus is often visible 
inserting onto the floor of the bicipital groove. 
Internal rotation and adduction of the arm will 
bring the supraspinatus, greater tuberosity, and 
subacromial bursa into view.

Depending on the procedure, the subsequent 
steps for exposure can be variable. For proximal 
humerus fracture fixation, the fracture fragments 
and structures are mobilized and tagged. 
Procedures needing access into the glenohumeral 
joint usually involve access through the rotator 
interval or through the subscapularis (Fig. 2.8). 
The triangular rotator interval can be excised 
from the superior border of the subscapularis all 
the way superior to the leading edge of the supra-
spinatus. Laterally, the supraspinatus and sub-
scapularis converge near the bicipital groove. 
Medially, the interval can be developed to the 
glenoid, and the coracohumeral ligament can 
often be identified and excised. This can improve 
subscapularis excursion in cases of internal rota-
tion contracture. If more exposure to the 
 glenohumeral joint is needed, then some sort of 
access through the subscapularis is necessary.

Fig. 2.8 Proximal humerus exposure for an anatomic 
total shoulder arthroplasty. One blade of the self-retaining 
retractor is behind the conjoined tendon, and the other 
behind the deltoid. A Browne retractor is retracting the 
deltoid superiorly. A blunt Hohmann is protecting the 
axillary nerve. The subscapularis has been peeled off the 
lesser tuberosity and tagged for later repair. Notice the 
proximal humeral osteophytes
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A B

C D

Fig. 2.9 Diagram show-
ing incision lines for sub-
scapularis management. A 
Subscapularis tenotomy; 
B: Subscapularis split; C: 
Subscapularis peel; D: 
Inferior subscapularis 
takedown

Management of the subscapularis during 
anterior shoulder approaches can be controver-
sial [8–12]. Several surgical techniques have 
been described and the appropriate one can be 
left at the discretion of the surgeon. These 
include: subscapularis split (in line with tendon,) 
L-shaped tenotomy of the inferior half of the 
subscapularis, vertical tenotomy medial to the 
lesser tuberosity, subscapularis peel starting 
from the bicpital groove, and lesser tuberosity 
osteotomy. Whichever method of subscapularis 
management is chosen, the surgeon should keep 
in mind that the capsule and tendon are more 
intimately related laterally, and become more 
distinct medially towards the glenoid labrum 
(Fig. 2.9).

The horizontal subscapularis splitting approach 
can be useful in reconstruction of shoulder insta-
bility, such as Bankart lesions or in cases where a 

coracoid transfer is performed [13]. The capsule 
deep to the subscapularis can be opened or released 
as needed. Recently, there has been more interest 
in performing reconstructive type procedures such 
as arthroplasty through a limited subscapularis 
takedown, such as through the rotator interval [14] 
or with takedown of the inferior portion of the sub-
scapularis [11]. In cases where significant defor-
mity or osteophytes are present, these minimally 
invasive approaches should be avoided as this may 
compromise exposure. The subscapularis tendon 
can also be tenotomized medial to the lesser tuber-
osity, allowing a stump of tendon laterally which 
can be used to secure the cut tendon back to its 
anatomic position. The repair can be augmented 
with bony tunnels as well. A variation of this is to 
perform the subscapularis “peel” where Sharpey’s 
fibers are elevated as one sleeve starting from the 
bicipital groove moving medially. This method 
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may allow greater flexibility in cases with severe 
internal rotation contracture. A lesser tuberosity 
osteotomy is a more recent variation where a fleck 
of bone is removed with the attached subscapu-
laris, allowing for bone to bone healing. There has 
been some debate in the literature on the most 
effective method, with some biomechanical stud-
ies showing no difference [15]. Others do show 
some potential increased tendon integrity at follow 
up with lesser tuberosity osteotomy [16]. The 
answer will hopefully become more clear with fur-
ther research.

Once the subscapularis is reflected, work can 
be completed inside the glenohumeral joint. For 
capsular reconstruction, the appropriate anchors 
can be placed into the glenoid as needed. When a 
capsular release is necessary, the contracted struc-
tures can be released off the glenoid and also off 
of the neck of the humerus. Care should be taken 
as the axillary nerve can be intimately related to 
the inferior capsular structures of the glenohu-
meral joint. A humeral head cut can be performed 
in case of arthroplasty to allow access to the gle-
noid. In cases of shoulder arthroplasty, a complete 
anterior capsulectomy and inferior capsulotomy 
may be performed to facilitate exposure. Posterior 
retractors such as a Fukuda ring retractor or more 
rigid retractors can be used for final glenoid 
exposure.

 Deltoid Splitting Approach

Deltoid split approaches can be used for a vari-
ety of different procedures, including open or 
“mini- open” rotator cuff repairs, and can be 
used for proximal humerus fracture fixation or 
shoulder arthroplasty. The most important con-
sideration in these approaches is the course of 
the axillary nerve. It is classically described as 
5 cm from the lateral edge of the acromion, 
although several anatomic studies found it can 

be closer, especially on patients with smaller 
deltoid muscles [17–19]. A cutaneous incision 
is made off the anterolateral corner of the acro-
mion, either in the direction of the deltoid fibers 
or along Langer’s lines. The anterolateral corner 
of the acromion is identified and the deltoid 
fibers are split in line with the muscle. The acro-
mial attachment of the deltoid can be left intact, 
or alternately the anterior acromial portion can 
be elevated subperiosteally and reattached 
through drill holes or with cerclage sutures. If 
only a proximal exposure is needed, then the 
axillary nerve can be palpated on the deep sur-
face of the deltoid, and a stay suture can be 
placed in the caudal apex of the split to prevent 
further propagation and a traction injury to the 
nerve. If more distal exposure is needed, such as 
for the distal screws of a proximal humerus 
plate, then the nerve can be exposed. A strip of 
deltoid around the nerve can be kept and the 
humerus is exposed below this. This has been 
described both as an extensile open approach 
[20] or as a less invasive approach that uses per-
cutaneous incisions for placement of the distal 
screws [21]. Once the procedure is complete, 
there should be a meticulous repair of the del-
toid muscle.

 Approach to the AC Joint

In cases where exposure to the acromioclavicular 
(AC) joint is required, such as for resection of the 
distal articular surface [22] or reconstruction of 
an acromioclavicular joint separation, an isolated 
to the AC joint can be performed. An important 
note with any approach to the AC joint is preser-
vation of the thick deltrotrapezial tissue sur-
rounding the AC joint for closure at the end of the 
case. The skin incision can be in line with the AC 
joint along Langer’s lines or parallel to the 
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 clavicle (Fig. 2.10). Once skin and subcutaneous 
 tissue are divided, medial and lateral skin flaps 
are developed down to the deltotrapezial layer 
overlying the clavicle. Depending on the proce-
dure and exposure needed, full thickness muscu-

loperiosteral flaps are elevated off the anterior 
and posterior surfaces of the AC joint. Any resec-
tion or reconstructive procedure can be per-
formed and at the end of the case, the anterior and 
posterior muscle flaps are securely repaired, 
either to each other or in a tranosseous fashion 
(Fig. 2.11).

 Posterior Approaches 
to the Shoulder

Occasionally, a deltopectoral or deltoid split 
approach will not provide the necessary visual-
ization of the posterior shoulder structures or 
posterior glenoid. Examples where posterior 
exposure may be needed include: treatment of 
posterior instability [23–25], glenoid osteotomy 
[23], oncological surgery, scapular neck frac-
tures, or posterior fracture dislocations. This 
approach can also be used for open suprascapular 
nerve decompressions [26]. For scapular frac-
tures, a more extensive Judet approach to the 
scapular body can be used [27].

For a posterior approach to the shoulder, the 
patient should be in a prone or lateral decubitus 
position. All bony landmarks including the 
spine of the scapula and the posterolateral cor-
ner of the acromion should be marked. It may 
help to feel for the soft spot of the posterior gle-
nohumeral joint and mark where the joint line is 
estimated. The skin incision can be either hori-
zontal along the scapular spine or in a vertical 
direction. If a vertical direction is chosen, then it 
may be centered over the glenohumeral joint or 
just medial, close to where a posterior 
arthroscopic portal would typically be made. 
For more medial work such as nerve decom-
pression, the incision should be shifted more 
medially. An incision that is too far lateral will 
make access to the glenohumeral joint difficult. 
Once through the skin layer, medial and lateral 
skin flaps should be developed to identify the 
underlying deltoid. The fibers of the deltoid are 
in a more horizontal direction. At this point, the 
deltoid can either be elevated off of the scapular 
spine, or a deltoid split can be made for a lim-

Fig. 2.10 Open approach for reconstruction of an acro-
mioclavicular joint dislocation. The skin incision paral-
leled Langer’s lines and skin flaps were developed to 
expose medially and laterally. Notice musculoperiostial 
flaps elevated in line with clavicle

Fig. 2.11 The musculoperiostial flaps should be full 
thickness to allow for closure at the end of the procedure
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ited approach [28]. The extent of the deltoid 
split is limited down to the level of the teres 
minor secondary to the axillary nerve emerging 
from the quadrilateral space. Once the deltoid is 
elevated off of the scapular spine or split, the 
infraspinatus and teres minor can be seen deep 
to it. These two muscles form an internervous 
plane between the suprascapular nerve and the 
axillary nerve. The interval between the two 
muscles can be developed bluntly and extended 
laterally towards their insertion on the greater 
tuberosity. Care should be taken because infe-
rior retractors can damage the axillary nerve and 
medial retractors can damage the suprascapular 
nerve. Once between the two muscles, the pos-
terior capsule is identified and incised to give 
access to the posterior glenohumeral joint.

 Judet Approach to Posterior 
Shoulder

The Judet approach is useful in more complex 
scapula fractures which require more medial 
exposure. The skin incision starts along the sub-
cutaneous border of the scapular spine and curves 
at the superomedial angle of the scapula, follow-
ing the medial edge to the inferiomedial corner 
(Fig. 2.12). A large skin flap with all the subcuta-

neous tissue is elevated off of the underlying 
musculature. The muscular planes can be devel-
oped with a combination of blunt and sharp dis-
section. The teres minor and major, infraspinatus, 
upper latissimus, and posterior deltoid should 
readily be visible. At this point, the posterior del-
toid can be taken down in a similar fashion to the 
method described above. The interval between 
the infraspinatus and teres minor is identified for 
approach to the lateral scapular neck and gleno-
humeral joint. The medial border can be plated 
from this approach, and any necessary scapular 
plates can be placed.

All statements below are correct except:
The deltopectoral approach:

 A. Uses the plane between the suprascapular 
nerve and the axillary nerve

 B. It was described by Henry
 C. Provides excellent exposure to the anterior 

shoulder
 D. Can be extended into an anterolateral 

approach to the humerus

All statements below are correct except:
The skin incision for a posterior approach of 

the shoulder:

 A. Can be either horizontal or vertical
 B. The vertical incision must be centered over 

the glenohumeral joint or just medially
 C. If medial work such as nerve decompression 

is needed, the incision should be shifted more 
medially

 D. An incision that is too far medial will make 
access to the glenohumeral joint difficult

It is important to preserve the thick deltrotra-
pezial tissue with any approach to the AC joint 
because

 A. If violated the underlying neurovascular bun-
dle can be damaged

 B. For closure at the end of the case
 C. To use it as a landmark for potential distal 

excision of the clavicle
 D. All the above

Fig. 2.12 Line signifying skin incision for posterior 
Judet approach to the scapula. Once through the subcuta-
neous tissue, the posterior deltoid can be reflected to 
reveal the insertion of the teres minor and infraspinatus on 
the proximal humerus

2 Surgical Approaches to the Shoulder
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Shoulder Biomechanics

Marcheggiani Muccioli Giulio Maria, Lullini Giada, 
Grassi Alberto, Roberti di Sarsina Tommaso, 
Raggi Federico, Carbone Giuseppe, 
and Zaffagnini Stefano

Key Points
The shoulder joint is the most mobile joint in the 

body; however, it is also the most unstable.
Strength and stability of the joint are highly 

dependent on both static and dynamic 
restraints.

The constitutional trait of laxity facilitates exten-
sive motion in multiple planes and may be 
essential to athletic performance.

The scapulothoracic muscles transfer the poten-
tial energy of the trunk to kinetic energy in the 
shoulder. The scapula is a key link in the 
kinetic chain between the trunk and the 
shoulder.

 Introduction

The shoulder complex is an association of a num-
ber of joints, ligaments and muscles working 
together to achieve hand positioning in the space. 
This complex is the most movable of the human 
body, at the price of a great unstableness [1].

Shoulder complex motion can be described 
through anatomic coordinate system: internal 
and external rotations are the movements in the 
transversal plane and they can be described as 
the rotation around humerus long axis; abduc-
tion and adduction are the movements in the 
frontal plane; flexion and extension are the 
movements in the sagittal plane. Moreover gle-
nohumeral joint can translate in anterior-poste-
rior, superior- inferior and medial-lateral 
directions. Circumduction is generated by com-
bination of elementary movements, described as 
a complex circle movement, whose trajectory is 
an irregular cone with the apex centred on gleno-
humeral joint.

This large range of motion is allowed by a bal-
anced interaction between static and active stabi-
lizers: static stabilizers include bony, cartilaginous, 
capsular and ligamentous factors; active stabiliz-
ers include muscles and neural feedback between 
capsular and ligamentous structure and muscle.

A slight borderline exists between normal laxity 
of shoulder complex and pathologic instability.

Laxity, defined as asymptomatic translation of 
humeral head on the glenoid, may be essential to 
reach good athletic performance, especially in 
activities and sports requiring wide motion of the 
joint. Shoulder instability is defined as an  abnormal 
translation associated with functional deficit and 
symptoms such as pain and apprehension.

Glenohumeral instability can occur in athletes 
due to chronic overuse injuries or after acute 
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traumatic event. In any case shoulder instability 
leads to damage or deficiency of normal shoulder 
stabilizers, often counterbalanced by neuro- 
muscolar control. If this mechanism fails, because 
of acute or chronic worsening, shoulder instabil-
ity is established.

 Static Stabilizers

Static stabilizers include bones, labrum, capsule 
and the vacuum effect.

Static stabilizers can be divided into bony sta-
bilizers (humeral head and glenoid) and soft tis-
sue stabilizers (glenoid labrum, glenohumeral 
ligaments and joint capsule, rotator interval, neg-
ative intracapsular pressure, adhesion cohesion 
mechanism and acromio-clavicular joint system) 
(Fig. 3.1).

 Bony Static Stabilizers

The humeral head is extremely variable in shape 
and size: it is retroverted on average 19° (range 
9–31°) and inclined on average 41° (range 34–47°); 
head radius measures 23 mm (range 17–28 mm) 
and medial and posterior head center offset are on 
average 7 mm (range 4–12 mm) and 2 mm (range 
1–8 mm), respectively [2]. Humeral head is cov-
ered by a layer of hyaline articular cartilage; articu-
lar surface ending is lined by the anatomic neck, a 
bony transition from cartilage to capsular attach-
ment and tendinous insertion. Greater and lesser 
tuberosity, positioned laterally to the anatomic 
neck, are the insertion point of the rotator cuff ten-
dons and delimit the bicipital groove helping the 
long head biceps being in place.

The glenoid is a shallow socket that holds 
humeral head; its mean depth is 2.5 mm on 

a

b

c

ANTERIOR

1 Subscapularis
2 Supraspinatus
3 Corcoid process
4 Acromio-clavicular joint
5 Long head biceps
6 Infraspinatus
7 Scapular spine
8 Glenoid
9 Glenoid labrum
10 Joint capsule
11 Teres minorPOSTERIOR

Fig. 3.1 Anatomic representation of the shoulder [(a) 
anterior, (b), posterior, (c) internal views]. Static bony sta-
bilizers (humeral head and glenoid) and static soft tissue 
stabilizers (glenoid labrum, glenohumeral ligaments and 

joint capsule, rotator interval and acromio-clavicular joint 
system) are surrounded by the dynamic stabilizers of this 
system: rotator cuff muscles and scapula-thoracic muscles
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anteroposterior direction and 9 mm in superior 
inferior direction. It is retroverted on average 
1.23° (range 9.5° of antiversion to 10.5 of retro-
version) and inclined superiorly on average 4.2° 
(range, 7° of inferior inclination to 15.8° of supe-
rior inclination) [3]. Friedman and Kessler 
reported that its bending radius is larger than 
humeral head radius in 93% of examined joints; 
the remainders have glenoid and humeral head 
with the same bending radius [4].

Only 30% of humeral articular surface articu-
lates with glenoid articular surface at any time; 
[5] the importance of soft tissue static and 
dynamic restrains in shoulder stability must be 
noticed. The glenohumeral ratio is the result of 
the division between the maximum diameter of 
the glenoid and the maximum diameter of the 
humeral head. It’s different according to consid-
ered planes: 0.75 in the sagittal plane and 0.6 in 
the coronal plane [6].

All changes in bony anatomy could result in 
shoulder instability.

Most important bony lesions that result in 
instability occur after traumatic events and 
involve the anterior-inferior glenoid rim (Bony 
Bankart lesion) and the postero-lateral aspect of 
the humeral head (Hill Sachs lesion).

Bony Bankart lesion becomes significant 
when involves more than 20% of the length of the 
glenoid and can lead to recurrence despite correct 
soft tissues repairing; if bony Bankart involves 
more than 50% of glenoid length, shoulder stabil-
ity is reduced more than 30% [7]. Bony Bankart 
lesions are classified according to Bigliani et al. 
[8]: type I, a displaced avulsion fracture with 
attached capsule; type II, a medially displaced 
fragment mal-united to the glenoid rim; type III, 
an erosion of the glenoid rim lower than 25% (III 
A) and more than 25% (III B). In any case, if a 
bone fragment is present, it will be reabsorbed 
within a year [9]. The PICO method, suggested 
by Baudi et al. [10], could be used to calculate 
bony deficiency produced by a bony Bankart 
lesions: it needs Computed Tomography 
MultiPlanar Reconstruction of both shoulder and 

defects is calculated as a ratio between the sur-
face of the damaged glenoid and the surface of 
not damaged glenoid.

Hill Sachs lesion is the result of an impact 
fracture occurred after one or more traumatic 
anterior shoulder dislocation and involves the 
posterior-lateral articular surface of the humeral 
head. Smaller Hill Sachs lesions do not influence 
stability; the level of influence in shoulder insta-
bility depends on the lesion’s size and its local-
ization. According to the size, Hill Sachs lesions 
are classified in mild (2 cm × 0.3 cm), moderately 
severe (4 cm × 0.5 cm) and severe (greater than 
previous one); [11] according to their orientation 
Burkhart and De Beer [12] classified them in 
engaging or not engaging (impact fractures 
extended at the area of contact between articular 
surfaces of glenohumeral joint during abduction, 
external rotation and extension have an higher 
risk of engagement). Risk of engaging is higher if 
glenoid surface is reduced. Calandra et al. [13] 
performed an arthroscopy classification of Hill 
Sachs lesions in order to recognize three types of 
defects: Grade I, that doesn’t involve subcondral 
bone; Grade II, that involves subcondral bone; 
Grade III, that involves subcondral bone widely. 
Specular lesions occur in posterior traumatic 
instability: the posterior glenoid rim could be 
fractured after acute traumatic dislocation or 
eroded after repeated subluxations (reverse bony 
Bankart lesion) [14] and the humeral head could 
be fractured in its anterior articular surface 
(reverse Hill Sachs lesion or McLaughlin lesion) 
[15]. Reverse Hill Sachs lesions could be engag-
ing during adduction, flexion and internal rota-
tion if they extends in the zone of contact between 
articular surface during that motion [16].

It’s important to underline, while considering 
bony stabilizers, the glenoid track concept, 
defined as the contact area between glenoid and 
humeral head, originated by the shift of glenoid 
from the inferomedial to the posterolateral por-
tion of the posterior articular surface of the 
humeral head when the arm moves in maximum 
external rotation, extension and abduction. This 
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area’s width is 84% of glenoid width, therefore 
every glenoid articular surface loss (as in Bony 
Bankart lesion) can influence the width of the 
glenoid track. The glenoid track influences the 
risk of engaging of a Hill-Sachs lesion: if the 
bony loss in the humeral head remains within the 
glenoid track there is no chance that the Hill- 
Sachs lesion overrides the glinoid rim. On the 
other hand, if Hill Sachs lesion extends over the 
medial margin of the glenoid track risk of engag-
ing rises according to lesion’s position [17, 18].

 Soft Tissue Static Stabilizers

Soft tissue static stabilizers include glenoid 
labrum, glenohumeral capsule, glenohumeral 
ligaments, rotator interval, negative intracapsular 
pressure and adhesion cohesion mechanism.

The glenoid labrum is a triangular section ring 
around the glenoid rim to which it’s connected by 
fibro-cartilage and fibrous bone. The superior 
half of glenoid labrum is more movable than infe-
rior half; its superior border blends with the ori-
gin of long head of the biceps. Its jobs are to 
make glenoid socket deeper, to increase contact 
area and congruity, to generate a suction effect, to 
function as insertion area for capsular- 
ligamentous structures and to help muscles to 
compress humeral head within glenoid. The gle-
noid labrum acts on the humeral head like a 
plunger: loss of the glenoid labrum reduces depth 
of glenoid socket more than 50%, so it reduces 
stability [19].

There are several kind of labrum lesions and 
it’s very important not to confuse tears with ana-
tomical variants that don’t require surgical repair, 
like sublabral foramen associated with cord-like 
middle gleno-humeral ligament or meniscoid 
labrum [20].

The most common injury to the labrumis 
Bankart lesion, observed in more than 90% of 
traumatic anterior instability, [21]. It is defined as 
a detachment of anteroinferior aspect of the 
labrum and its attached portion of the inferior 
glenohumeral ligament. Despite of its frequency, 
it cannot be considered an isolated cause of insta-
bility [22]. Green and Christensen [23] classified 

Bankart lesions in five arthroscopic types: type 1 
refers to the entire labrum; type 2 is a simple 
detachment of labrum with no other significant 
lesions; type 3 is an intra-parenchymal labrum 
tear; type 4 and 5 are complex tears with a signifi-
cant or complete degeneration of the inferior gle-
nohumeral ligament, respectively. This 
classification also has a prognostic value: type 4 
and 5 have a great chance of recurrent instability 
after arthroscopic Bankart procedure (87%).

Another lesion involving antero-inferior 
aspect of the labrum is the ALPSA lesion (ante-
rior labroligamentous periosteal sleeve avulsion): 
the anterior labro-ligamentous complex rolls up 
in a sleeve-like fashion and becomes displaced 
medially and inferiorly on the glenoid neck [24]. 
ALPSA lesions may have a higher risk of re- 
dislocation than un-displaced Bankart tears, as 
the normal bumper and capsule stabilizing the 
front of the shoulder are displaced and the ante-
rior glenoid is deficient of capsule and labrum.

Specular lesions can be described for the pos-
terior aspect of the labrum: reverse Bankart lesion 
involves the posterior labrum and the posterior 
band of inferior glenohumeral ligament; [25] 
POLPSA is the posterior labroligamentous sleeve 
avulsion, that in chronic conditions could become 
a Bennett lesion (an extra-articular calcification 
along the posteroinferior glenoid neck close to 
the posterior band of the glenohumeral ligament) 
[26]. Reverse Bankart lesion is quite frequent in 
athletes, such as rugby players, with a 20% inci-
dence being reported in a study of 142 elite rugby 
player shoulder arthroscopy [27]. The mecha-
nism of injury could trace back to a direct blow to 
the anterior and lateral aspect of the shoulder, 
while the arm is adducted; a rare mechanism of 
injury is a posterior blow to the arm, while hold-
ing a tackle shield [28].

Concerning superior labrum, a very common 
lesion in throwing overhead athletes is SLAP 
(superior labrum anterior and posterior) tear. 
Described for the first time by Snyder et al. 
[29], SLAP lesion origins during the ending 
deceleration phase of the throwing, because of 
a traction force wielded by the long head of 
biceps on the glenoid labrum. Sneyder classi-
fied SLAP tear in four different types: type II 
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and IV are the most significant in determining 
instability since they involve both labrum and 
long head of the biceps, resulting in increased 
total range of motion. Moreover SLAP lesions 
are common in contact athletes: Funk and Snow 
have been reported a 35% incidence of SLAP 
tears, arthroscopically diagnosed, in 51 rugby 
players shoulders [30].

Capsuloligamentous structures include joint 
capsule, whose mean thickness is 5 mm, and gle-
nohumeral ligaments (superior, middle and infe-
rior), described as located thickening of the 
capsule. These structures received great attention 
and many cadaveric and clinic studies have tried 
to clarify their anatomical and biomechanical 
characteristics and their relationship with 
dynamic stabilizers.

The constitutional trait of laxity facilitates 
extensive motion in multiple planes and may be 
essential to athletic performance. On the other 
hand, capsular stretching is noted along with a 
Bankart lesion in up to 28% of patient with recur-
rent anterior instability [31].

Superior and middle glenohumeral ligaments, 
together with coracohumeral ligament, long head 
of the biceps and a thin layer of capsule, help to 
form rotator interval and they will be treated in 
detail later.

Inferior glenohumeral ligament, also called 
inferior glenohumeral ligament complex (IGHLC), 
is made out of three parts: two thicker bands on 
anterior and posterior and a thinner recess. During 
abduction, external rotation and extension IGHLC 
moves anteriorly, forming a restraint to anterior 
translation of the humeral head.

During adduction, flexion and internal rota-
tion, IGHLC moves posteriorly, forming a 
restraint to posterior translation. IGHLC suffers 
of initial plastic deformation during initial dislo-
cation, but the damage becomes more critical 
after several episodes [32]. The lesion could more 
frequently occur at the glenoid insertion (antero-
inferior glenoid rim), but also in the middle part or 
at the humeral insertion [33]. The incidence of 
humeral avulsion of glenohumeral ligament 
(HAGL) has been reported as high as 10% [34].

Capsular stretching is often noted along with a 
Bankart lesion in up to 28% of patients with 

recurrent anterior instability [31]. Posterior cap-
sular can also be damaged, seeing that recurrent 
posterior subluxations or luxations produce cap-
sular redundancy and increase joint volume, 
resulting in posterior instability. Capsular redun-
dancy, both anterior and inferior and posterior, is 
a very common find in non traumatic multidirec-
tional instability.

The rotator interval is a triangular space, with 
medial base and lateral apex, medially limited by 
the coracoid, long head of biceps and its groove 
laterally, superior fibers of subscapularis inferi-
orly and anterior fibers of supraspinatus superi-
orly. The rotator interval is composed of 
coracohumeral ligament (CHL) and superior and 
middle glenohumeral ligaments deeper, even if 
middle glenohumeral ligament contribution is 
relatively variable (different studies reported its 
absence, in 10–40% of cases). Usually, it is larger 
in male than in female and becomes smaller with 
internal rotation. It is an important inferior stabi-
lizers and its insufficiency could be clinically 
appreciated with sulcus sign. A rotator interval 
defect could be a little foramen or could reach 
larger size, significantly influencing inferior sta-
bility [35].

A role in shoulder stability is also played by 
negative intracapsular pressure that presupposes 
the integrity of all structure. Intracapsular pres-
sure is about −42 mmHg H2O and acts especially 
when rotator cuff muscles are not contracted and 
glenohumeral ligaments and capsular structure 
are not in tension. Loss of intracapsular negative 
pressure can manifest itself as an augmentation 
of anterior translation; this factor could be mar-
ginal when muscles are contracted and capsulo-
ligamentous structures are in tension, especially 
in athletes [36].

Furthermore synovial fluid provides to gener-
ate adhesion cohesion mechanism: when two car-
tilage wet surfaces, such as the humeral head and 
glenoid, come into contact with each other and 
adhesion-cohesion bond is created providing sta-
bility to the glenohumeral articulation [37].

The suction effect of the glenoid labrum, the 
negative intracapsular pressure and the adhesion 
cohesion mechanism are the three mechanisms 
providing the vacuum effect.

3 Shoulder Biomechanics
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The acromionclavicular system (ACS) is 
composed by a complex of ligaments (conoid, 
 trapezoid and acromioclavicularcapsular liga-
ments) stabilizing the acromioclavicular joint. 
The conoid and the trapezoid are attached from 
the distal clavicula to the coracoid. The ACS 
help to prevent excessive superior translation 
of the shoulder. An acromion-clavicular dislo-
cation up to Rockwood type 3 could require 
surgical repair as these cause pain and func-
tional restrictions [38], with good results even 
in athletes [39].

 Dynamic Stabilizers

Muscles and proprioceptive effects are the 
dynamic stabilizers.

Rotator cuff muscles act compressing humeral 
head on the glenoid surface and tightening capsu-
loligamentous structures, having direct insertion 
on rotator cuff tendons. The scapular rotators 
allow the glenoid to modify its orientation in 
such a way as to follow the humeral head during 
motion. Long head of biceps and scapulo- thoracic 
rhythm boost this mechanism.

 Propioception

Glenohumeral joint capsule has been shown to 
havenumerous mechanoreceptors particularly 
within the anterior and inferior capsule. In 
abduction and external rotation these mechano-
receptors are most likely activated as the 
humeral head comes into contact with the cap-
sule sending a signal to the stabilizing muscles 
of the shoulder providing containment and sta-
bility of the humeral head [40]. Moreover, there 
is a close relationship between glenohumeral 
ligament and rotator cuff muscles, seeing that 
muscles contraction act as pre-tensioners or co-
tensioners for capsular ligament. Instability 
could also come from a not coordinated contrac-
tion of the rotator cuff; especially in overhead 
athletes, being the cuff an important decelerator 
of anterior translation [41].

 Rotator Cuff Muscles

The Rotator cuff is composed by four muscles 
(subscapularis, supraspinatus, infraspinatus and 
teres minor) originating from the scapula and 
insert on the humeral head.

Subscapularis origin is on the anterior face of 
the scapula with insertion on the lesser tuberos-
ity; supraspinatus origins in the fossa up to the 
scapular spine with insertion on the anterior facet 
of the greater tuberosity; infraspinatus origins in 
the fossa under the spine with insertion on the 
middle facet of the greater tuberosity; teres minor 
origins from the lateral border of the scapula with 
insertion on the posterior facet of the greater 
tuberosity.

The rotator cuff muscles provide significant 
stability to the shoulder joint, almost hugging the 
joint to the glenoid. Wuelker et al. [42] showed 
that a 50% decrease in the rotator cuff muscle 
forces resulted in nearly a 50% increase in ante-
rior displacement of the humeral head in response 
to external loading in all glenohumeral joint posi-
tions. The sub-scapularis muscle provides ante-
rior stability when the arm is in neutral but less so 
as the arm comes into abduction [43]. The infra-
spinatus and teres minor act together to reduce 
the strain on the antero-inferior glenohumeral 
ligament in abduction and external rotation [44].

Lesions to rotator cuff can occur after single 
traumatic event or after degeneration because of 
overuse, anyway rising of the humeral head occur 
during abduction and in case of massive lesion, 
an excessive anterior translation is observed. 
Degeneration of rotator cuff could occur because 
of external or internal impingement: external 
impingement derived from an abnormal contact 
between coracoacromyal arc and superior surface 
of the rotator cuff; internal impingement, defined 
as abnormal contact between rotator cuff joint 
surface and the posterosuperior glenoid rim, is 
common in throwing athletes. It could result in 
tearing of both rotator cuff and labrum. Origin of 
internal impingement is controversial and can be 
attributed to anterior micro-instability and tight-
ness of the posterior capsule; others underline the 
postero-inferior capsular contracture resulting 
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inpostero-superior instability and a peel-back to 
the superior labrum and a tearing of the rotator 
cuff [45].

 Long Head of Biceps

Long head of biceps (LHB) is a secondary stabi-
lizer with a predominant role in case of rotator 
cuff orcapsule-ligamentous deficiency. This ten-
don, originating from the supraglenoid tubercle 
and passing through bicipital groove, acts as an 
anterior stabilizer during internal rotation and as 
posterior stabilizer during external rotation; dur-
ing late loading phase of throwing LHB reduces 
anterior translation, helping to prevent excessive 
torsion of the glenohumeral joint with a flexing 
elbow. These concepts can explain why type II or 
IV Slap lesions are very common in throwing 
athletes and an hypertrophic tendon is found in 
patient with insufficient rotator cuff [46].

 Scapula-thoracic Muscles

Trapezius, rhomboids, latissimusdorsi, serratus 
anterior and elevator scapulae belong to scapular 
rotators. Scapula-thoracic joint is constituted by a 
sliding surface between anterior face of scapula and 
thoracic cage. The coordinated movement between 
the scapula-thoracic joint and the gleno- humeral 
joint has been defined by Codman as “scapula-tho-
racic rhythm” [5]. The ratio between gleno-humeral 
and scapula-thoracic joint motion is approximately 
2:1, but it’s higher during lower degrees and lower 
at the extreme degrees of motion [47, 48]. The scap-
ula-thoracic muscles transfer the potential energy of 
the trunk to kinetic energy in the shoulder. The 
kinetic train is a concept describing the transfer of 
energy from the trunk to the shoulder and arm. The 
scapula is a key link in the kinetic chain between the 
trunk and the shoulder [49].

Any alteration in scapula-thoracic rhythm 
could predispose to shoulder joint pathology. In 
particular, in pitchers the weakness of the serratus 
anterior predispose to development of rotator cuff 
tendinitis because of an abnormal contact with the 

coracoacromial arch or nontraumatic shoulder 
instability [50]. Scapulo-thoracic rhythm recov-
ery by appropriate scapular rotators rehabilitation 
is essential in younger patient with rotator cuff 
tendinitis or non traumatic instability.

With progressive instability there will be more 
proprioceptive loss from the capsule with 
increased capsular stretch. This proprioceptive 
disorganization will lead to muscle patterning 
problems, repeated continued dislocations and 
subluxations and can progress to bony glenoid 
wear and affect core stability and the full kinetic 
chain. It would therefore make sense that early 
treatment and stabilization would be advanta-
geous based on the principles above.

 Conclusion

Glenohumeral joint is a complex articulation 
with high freedom of motion but innate insta-
bility. Many structure are involved in stabil-
ity maintenance and a balanced and 
synchronized interplay between passive and 
dynamic restrains is essential to counteract 
the forces that could destabilize glenohu-
meral joint. Damage to one structure is most 
likely affect other structures and treatment 
should be directed accordingly. It’s interest-
ing to note how different injuries could 
appear with a similar clinical presentation 
and how much narrow is the border between 
anatomical and pathological variants. Only a 
deep knowledge of anatomy and biomechan-
ical principles could help the surgeon to rec-
ognize pathology, choose the best treatment 
and adapt it according to the anatomy of the 
patient.

The humeral head
 A. Is retroverted with a range 9–31°
 B. Is anteverted with a rage of 3–24°
 C. Has a radius ranging 5–18 mm
 D. Has a radius ranging 17–28 mm
 E. A & B
 F. A & C
 G. A & D
 H. B & C
 I. B & D

3 Shoulder Biomechanics
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Soft tissue static stabilizers include all the 
above except:
 A. Glenoid labrum
 B. Glenohumeral capsule and ligaments
 C. Long head of the biceps
 D. Rotator interval
 E. Negative intracapsular pressure
 F. Adhesion cohesion mechanism

The percentage of humeral articular surface 
that articulates with glenoid articular surface at 
any time is:
 A. 10%
 B. 30%
 C. 50%
 D. 85%
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History

Edward G. McFarland

The clinical evaluation of the shoulder and 
 accurate diagnosis of shoulder abnormalities are 
challenging. As in most disciplines of clinical 
medicine, accurate diagnosis begins with a 
 thorough patient history. Patients often have 
more than one abnormality contributing to their 
shoulder symptoms, and the clinician must use 
all available evidence to make the diagnosis.

The clinician must first determine the patient’s 
chief symptom and how the problem began 
(Table 4.1). A traumatic injury would lead the 
 clinician to assess for a particular spectrum of 
disorders such as fracture, rotator cuff tear, dislo-
cation, or acromioclavicular (AC) joint injury. 
Most shoulder disorders occur insidiously with 
no trauma. The most common condition that 
often has no inciting event is a stiff or “frozen” 
shoulder. Shoulder pain that occurs after activity 
that is outside the patient’s normal routine  
(e.g., tennis, heavy lifting) typically indicates 
that the shoulder is inflamed or irritated. In these 
cases, the most likely diagnoses are rotator cuff 
syndrome or AC irritation.

If symptoms have followed a shoulder injury, 
it is important to determine the mechanism of 

injury. The position of the arm at the time of the 
trauma, the amount of force applied, and the 
direction of the force can be important factors in 
the differential and definitive diagnosis. A patient 
with an injury that hyperabducts the arm in 
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Table 4.1 Patient history and possible diagnoses of 
shoulder abnormalitiesa

Patient history Possible diagnoses

Trauma

  Arm abducted and 
externally rotated

Anterior instability; 
subscapularis tendon tear

  Fall onto 
hyperabducted arm

Luxatio erecta (inferior 
dislocation)

  Fall onto outstretched 
arm

Proximal humerus fracture; 
rotator cuff tear; SLAP 
lesion

  Fall onto shoulder AC separation; fracture; 
rotator cuff tear; SLAP 
lesion

  Traction injury SLAP lesion

No trauma

  Insidious onset of 
pain

Degenerative joint disease; 
frozen shoulder; tendinitis

  Insidious onset of 
severe pain

Brachial neuritis; shingles

  Night pain Tumor

  Weakness without 
pain

Chronic rotator cuff tear; 
nerve injury; muscle 
disease

aSource: Adapted with permission from Examination of 
the Shoulder: The Complete Guide. New York, NY: 
Thieme Medical Publishers, Inc.; 2006
AC acromioclavicular, SLAP superior labral anterior 
posterior
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 external rotation can produce anterior instability 
but it also can tear the subscapularis tendon, frac-
ture the greater tuberosity, or fracture the glenoid. 
A fall on an outstretched arm can result in a rota-
tor cuff tear, biceps anchor lesion, or fracture. A 
fall on a flexed elbow with a posteriorly directed 
force or a posteriorly directed force from any 
cause can result in a posterior instability episode. 
A fall directly on the shoulder (e.g., a fall from a 
bicycle) typically causes AC injury or clavicle 
fracture.

Understanding the timing of symptom onset 
can help narrow the diagnosis. It is common for 
patients with insidious onset of pain (e.g., from 
rotator cuff issues) not to move their shoulders 
because of pain. The shoulder soon becomes 
stiff, and the patient cannot perform everyday 
activities such as donning a coat or reaching into 
the back seat of a car. In such a case, what began 
as a rotator cuff abnormality becomes a stiff or 
frozen shoulder. Although both disorders may 
require treatment, knowing that the stiffness fol-
lowed an injury or painful condition helps the 
practitioner decide what to assess during exami-
nation and how to create a treatment plan.

Certain activities are strongly associated with 
particular injuries (Table 4.2). For example, 

patients who do many push-ups for exercise or in 
the workplace (such as military or law enforce-
ment officers) commonly present with irritation of 
the AC joint. Patients who regularly perform bench 
pressing can present with osteolysis of the distal 
clavicle. Patients who use heavy weights when 
bench pressing often tear their pectoralis major 
tendons. It is helpful for the practitioner to have 
suspicion for injuries seen in certain sports, espe-
cially first-rib stress fractures in overhead athletes, 
which can present as pleuritic chest pain [1].

Orthopedists are taught to “consider the joint 
above and below.” In the case of the shoulder, the 
proximal “joint” is the cervical spine, which is often 
the cause of shoulder and upper extremity pain and 
weakness [2, 3]. Generally, cervical spine pain radi-
ates down the arm to the hand, often in a dermato-
mal distribution. Cervical spine conditions cause 
pain into the trapezius or along the medial border of 
the scapula (Fig. 4.1) [4]. In patients with trapezius 
pain, it is important to evaluate the AC joint because 
it is the only joint in the shoulder where conditions 
can cause pain into the trapezius.

It is important to ask patients if they have a 
history of tingling numbness in their upper 

Table 4.2 Specific injuries associated with various 
sports activitiesa

Activity/athlete type Associated injuries

Adolescent baseball 
pitchers

Proximal humeral apophysitis 
(“Little League shoulder”)

Archery Posterior shoulder instability

Bench presses Pectoralis major tendon tears

Bench presses, dips, 
push-ups

Osteolysis of the distal 
clavicle; AC arthritis

Football linemen Posterior shoulder instability

Golf, rowing Rib stress fractures

Kayaking Supraspinatus partial tears; 
anterior shoulder dislocations

Overhead athletes SLAP lesions; partial cuff 
tears; “occult” instability

Trapshooting Coracoid stress fractures
aSource: Adapted with permission from Examination of 
the Shoulder: The Complete Guide. New York, NY: 
Thieme Medical Publishers, Inc.; 2006
AC acromioclavicular, SLAP superior labral anterior 
posterior

Fig. 4.1 Drawing showing the location of pain along the 
medial border of the scapula, which is most often caused 
by cervical spine disease (Reprinted with permission from 
Examination of The Shoulder: The Complete Guide, 
Thieme Medical Publishers, Inc., 2006. Figure 1-3, p. 3.)
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extremities. Shoulder conditions rarely are the 
cause of paresthesias in the upper extremity. 
Tingling and numbness down the arm should be 
considered a neurological problem until proven 
otherwise. The clinician should consider thoracic 
outlet syndrome or peripheral nerve entrapment 
such as cubital or carpal tunnel syndromes to be 
the cause of paresthesia [5]. If a patient has 
undergone previous surgery involving the cervi-
cal spine or shoulder, then the relationship of the 
symptoms to the timing of the surgery is impor-
tant to ascertain.

Similarly, painless weakness should be con-
sidered a neurological process until proven other-
wise. Patients with rotator cuff disorders do not 
deteriorate suddenly without an injury. Volleyball 
players often have painless weakness caused by 
suprascapular nerve entrapment [6, 7]. Bilateral 
insidious onset of shoulder or upper extremity 
weakness necessitates a workup for neurological 
conditions. We recently saw an elderly patient 
who had insidious onset of bilateral shoulder 
weakness but no pain. He had undergone reverse 
total shoulder arthroplasty to treat the weakness, 
which did not improve after his surgery. Upon 
examination, we found the weakness to be dif-
fuse in both upper extremities. Neurological 
workup revealed amyotrophic lateral sclerosis. A 
careful history and examination would have pre-
vented this unnecessary procedure.

Another factor to consider when making a diag-
nosis is the patient’s age. Rotator cuff conditions 
typically do not appear before the fourth decade of 
life [8, 9]. Athletic individuals may have rotator 
cuff–like symptoms but typically do not have full-
thickness rotator cuff tears, so other disorders 
should be considered. Young athletes who perform 
repetitive motions such as throwing a baseball may 
have proximal humerus physeal injuries, whereas 
athletes with closed physes who perform throwing 
motions tend to have partial rotator cuff tears or 
superior labral anterior posterior lesions [10].

Unfortunately, the location of pain in the 
shoulder does not necessarily indicate the diag-
nosis (Fig. 4.2). Pain at the AC joint typically is 
on top of the shoulder and radiates into the trape-
zius but it also can radiate down the front or back 
of the shoulder [11]. Pain in the front of the 

shoulder can indicate many abnormalities, 
including rotator cuff syndrome, biceps tendon 
disorders, arthritis, and stiffness of the shoulder. 
Therefore, some have suggested that pain in the 
front of the shoulder be called “anterolateral pain 
syndrome” rather than suggesting it is caused by 
one particular abnormality [12].

It is important to ascertain the nature of the 
patient’s pain by asking standard questions. The 
patient’s answers indicate the severity of the pain 
and may also provide warnings that the symp-
toms are serious in nature [13]. Pain that causes 
night waking, prevents participation in sports or 
activities of daily living, is not relieved with ice 
or heat, is not relieved by nonsteroidal anti- 
inflammatory drugs, requires increasingly stron-
ger narcotics, or makes the patient miserable may 
indicate a serious condition such as a malignant 
tumor or more serious systemic illness. Patients 
should be asked what activities make their pain 
worse and what makes their pain better. They 
should always be asked about gastrointestinal 
problems, renal disorders, liver conditions, the 
use of blood thinners, and diabetes before pre-
scribing anti-inflammatory medicines. Patients 

Fig. 4.2 Drawing showing the typical locations of 
pain from the acromioclavicular joint, the rotator cuff, 
and both simultaneously (Reprinted with permission 
from Examination of The Shoulder: The Complete 
Guide, Thieme Medical Publishers, Inc., 2006. 
Figure 1-2, p. 3.)
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with stiff shoulders from osteoarthritis or frozen 
shoulders have the most difficulty with activities 
of daily living, followed by patients with rotator 
cuff syndromes (Table 4.3).

Checklists of the symptoms also can be help-
ful (Table 4.4). The use of checklists will often 

stimulate the patient to report other symptoms or 
conditions that might be associated with their 
more salient symptoms. When using checklists, it 
is important to note tingling, numbness, and tem-
perature changes because these many indicate 
nerve involvement or infection.

Table 4.3 Difficulty performing specific activities with various shoulder pathologiesa

Disease state

N Difficulty with activity (%)b

Use 
back 
pocket

Wash 
opposite 
underarm

Eat 
with 
utensil

Comb 
hair

Use arm at 
shoulder 
level Dress

Use hand 
overhead

Carry 
weightc

Instabilityd 208 18.0 12.5 9.4 18.5 31.7 13.5 55.1 31.0

External impingement 103 42.6 28.2 17.8 39.4 59.2 35.3 78.4 66.0

Glenohumeral 
osteoarthritis

99 89.4 78.4 38.3 71.0 79.6 66.3 92.9 73.7

Acromioclavicular 
jointe

78 39.7 33.8 17.3 32.5 47.4 36.4 69.3 62.2

Rotator cufff 376 39.7 34.0 20.1 39.0 61.2 35.8 77.4 58.1

SLAP lesion 19 47.4 47.4 33.3 44.4 52.6 47.4 73.7 38.9

SLAP superior labrum anterior to posterior
aSource: Adapted with permission from Examination of the Shoulder: The Complete Guide. New York, NY: Thieme 
Medical Publishers, Inc.; 2006
bVariable for ability to perform activity from the American Shoulder and Elbow Surgeons score; included here are only 
those who reported difficulty, with assistance, or not at all
c10–15 lb with arm at side using a shoulder and elbow score
dAnterior, anterior traumatic, multidirectional, occult, or posterior instability
eAcromioclavicular joint arthritis, separation, or osteolysis
fRotator cuff tendinitis, partial tear, or full tear

Table 4.4 Examination history of the shouldera

General 
Information

Medical 
information Symptoms

Injury  
pattern

Symptom 
characteristics

Related 
symptoms

Age Chronic or acute 
problem

Pain Sudden vs. 
acute onset

Location Cervical

Dominant arm Review of 
systems

Weakness or fatigue Gradual vs. 
chronic 
onset

Character and 
severity

Peripheral 
nerve

Participation 
in sports

Preexisting or 
recurrent 
shoulder 
problem

Instability/subluxation Traumatic 
onset

Provocation Brachial 
plexus

Level of 
competition

Other 
musculoskeletal 
problems

Stiffness Recurrent 
pattern

Duration Entrapment

Catching/locking Paresthesias/referral 
pattern

Effect on sport/other 
disability

aSource: Adapted with permission from Clinical Examination of the Shoulder, Vol. 1. New York, NY: Elsevier 
Science; 2004
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Finally, it is important to know the medical his-
tory of the patient. For example, a patient with 
insulin-dependent diabetes who develops insidi-
ous onset of pain with no trauma should be con-
sidered to have a frozen shoulder until proven 
otherwise. Patients with a history of oral or intra-
venous steroid use may have avascular necrosis. 
Patients with Crohn’s disease, psoriasis, or ulcer-
ative colitis might have an underlying immuno-
logical cause of pain and arthritis. Patients with a 
history of cancer should undergo careful exami-
nation and early imaging when there is pain in the 
shoulder area either from trauma or with insidious 
onset. Patients with abdominal  conditions may 
have pain in the upper or lower thorax (Fig. 4.3). 
The types of medications the patient is taking and 
the types of comorbidities the patient has can 
influence whether the treatment is medical or 
surgical.

Few shoulder conditions are life-threatening. 
Therefore, the choice of treatment, be it medical 
or surgical, involves consideration of many objec-
tive and subjective variables. The presence of a 
lesion on examination or magnetic resonance 
imaging is not typically an indication for surgery 
unless it is symptomatic. The axiom, “the lesion is 

attached to a person,” is especially true in shoul-
der conditions. The type and urgency of treatment 
are determined by many factors, including the 
patient’s age, occupation, and general health; 
whether the dominant or nondominant arm is 
affected; the patient’s pain level at rest and at 
night; what makes the pain worse or better; the 
effects on exercise, hobbies, or activities of daily 
living; the ability of medicines to relieve the pain; 
and the perceived natural history of the condition. 
Information on all of these factors should be 
obtained so that an appropriate plan of treatment 
can be developed for the needs of each patient.
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Physical Evaluation

Edward G. McFarland, Kyubo Choi, 
Seyedali R. Ghasemi, and Alex Bitzer

 Introduction

The evaluation of any joint of the musculoskeletal 
system should be within the abilities of any health 
care provider, and the goal of this chapter is to 
help enable a practitioner of any level of training 
to perform a competent examination of the shoul-
der complex. The basic principles of a musculo-
skeletal evaluation are as follows: (1) expose both 
shoulders to assess the affected joint; (2) compare 
both sides; (3) evaluate a joint above (proximal to) 
and below (distal to) the affected area; (4) always 
perform a neurovascular examination; and (5) 
always obtain radiographs in both planes at 90° to 
each other. By following these simple rules, a cli-
nician can usually make an accurate diagnosis [1].

 Basic Principles

 Musculoskeletal Evaluation

Shoulder exposure. Once a history has been 
obtained, the clinician should perform the exami-
nation with the patient’s shoulders and upper 
extremities exposed enough to see the posterior 

thorax, cervical spine, deltoid area, and complete 
upper extremity (Fig. 5.1). This exposure allows 
the examiner to evaluate for atrophy of the mus-
cles of the upper extremity and thorax (Fig. 5.2) 
and to see the interactions of the scapula, thorax, 
and glenohumeral joint (Fig. 5.3). A “hitch” in 
the shoulder motion as the patient elevates the 
arm can indicate various shoulder conditions and 
is not diagnostic, but it does alert the clinician 
that the shoulder joint is not moving in a synchro-
nous manner.

Comparison of both sides. The corollary to 
exposing the shoulders is to compare both sides so 
that even subtle swelling and atrophy of the affected 
shoulder and extremity are noted. The ability to see 
both sides accurately is important not only for the 
visual examination of the extremity but also for the 
neurologic and functional examinations.

Consideration of the joints proximal and 
distal to the affected area. Next, the clinician 
should evaluate the joints proximal to (above) 
and distal to (below) the affected area. For a 
shoulder evaluation, the proximal joint is the 
neck. The clinician should ask the patient if there 
is a history of neck problems, surgery of the 
 cervical spine, or neurologic symptoms such as 
tingling or numbness. The neck should be exam-
ined for tenderness and range of motion. Axial 
compression of the cervical spine can produce 
radicular symptoms (Spurling sign), but this sign 
is not positive in many patients with cervical 
spine nerve irritations [2–4].
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 Neurovascular Examination

One of the most important evaluations when 
assessing the shoulder joint is the neurovascular 
examination of the affected upper extremity. A 
competent neurologic and vascular examination 
of the upper extremity can rule out or identify the 
most serious causes of shoulder dysfunction and 
avoid a missed neurologic or vascular cause of 
shoulder, arm, or upper extremity pain.

Vascular evaluation. The vascular examina-
tion consists of evaluating the color, temperature, 
and swelling of the extremity and comparing it 
with the contralateral extremity. This evaluation 
is particularly important in the patient with acute 
pain because there may be an occult vascular 
injury or a deep venous thrombosis (Fig. 5.4). 
Evaluation of these variables is also important in 
making the diagnosis of complex regional pain 
syndrome (Fig. 5.5). Next, the clinician should 

a b

Fig. 5.1 Anterior (a) and posterior (b) views of a gown designed to allow visualization of the thorax and upper extrem-
ity in female patients

Fig. 5.2 Clinical photograph of patient with atrophy of 
the supraspinatus muscle (closed black arrow) and of the 
infraspinatus muscle (open black arrow). Atrophy of these 
muscles can be secondary to a neurologic cause or to torn 
rotator cuff tendons

E.G. McFarland et al.
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Fig. 5.3 Clinical photograph of patient with scapular 
winging, which is difficult to detect if the patient is 
clothed (Reprinted with permission from McFarland 
EG. General principles of shoulder examination. In: 
Examination of the Shoulder: The Complete Guide. 
New York: Thieme, 2006:1–14; Figure 25.)

Fig. 5.4 Clinical photograph of a patient with a deep 
venous thrombosis of the left upper extremity after a clav-
icle fracture. The diagnosis is more apparent when the two 
extremities are compared

Fig. 5.5 Clinical 
photograph of a patient 
with complex regional 
pain syndrome with 
classic findings of skin 
color changes, swelling, 
and stiffness in the 
hands
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note the presence or absence of a pulse at the 
wrist, and the capillary refill should be compared 
with that in the contralateral extremity. Although 
the scientific literature does not report an abso-
lute value for this criterion, the capillary refill 
should not be >3 s. Any discrepancy between the 
two sides might warrant additional investigation 
with Doppler ultrasonography, plethysmography, 
or other modalities [5–8].

Sensory evaluation. The sensory examina-
tion consists of light touch, deep touch, pain, 
temperature, position sense, and vibration evalu-
ation. In the office and the emergency department 
settings, light touch is the modality most fre-
quently used. It usually is unnecessary to test for 
pain or use the other modalities unless light touch 
testing is abnormal or there is a clinical suspicion 
of systemic disease or of higher long-tract lesions 
that are affecting the nerves.

When assessing light-touch response, it is 
important to test every dermatome and every 
peripheral nerve and to compare responses on 
both sides. The best method is to touch the patient 
in the same anatomic areas on both upper extrem-
ities and ask if the two sides feel the same. A 
complete sensory examination includes the del-
toid (C5 dermatome, axillary nerve), volar side of 
the thumb (C5–C6 dermatome, median nerve), 
volar side of the middle finger (C7 dermatome, 
median nerve), volar side of the little finger (C8 
dermatome, ulnar nerve), lateral side of the fore-
arm (C5–C6, lateral antebrachial cutaneous 
nerve), medial forearm (C7–C8, medial ante-
brachial cutaneous nerve), medial elbow (T1, 
medial brachial cutaneous nerve), and dorsal, 
proximal part of the first web space (C7, radial 
nerve).

If a patient reports a difference between the 
two sides, it is often helpful to map out the area of 
different sensation to delineate the pattern and to 
determine whether it is dermatomal or a periph-
eral nerve distribution. Similarly, the use of two- 
point discrimination in the fingertips can be a 
valuable guide to the severity of the nerve 
involvement. Electromyography and nerve con-
duction testing can be performed in patients for 
whom the diagnosis is uncertain or for whom 

more detailed neurologic nerve injury informa-
tion is needed.

Reflexes and long-tract signs. When examin-
ing the patient with upper extremity pain or par-
esthesias, it is important to evaluate the reflexes. 
There are only three cervical reflexes: the biceps 
(C5), the brachioradialis (C6), and the triceps 
(C7). The reflexes should be noted to be normal, 
hyporeflexic, or hyperreflexic. In patients with 
hypotonia, the strength and sensory distribution 
of the individual nerve root should be evaluated.

In the patient with hyperreflexia, it is impor-
tant to evaluate for long-tract signs. In the upper 
extremity, the best sign is the Hoffmann reflex 
(Fig. 5.6), which is analogous to a Babinski reflex 
in the lower extremity. A positive Hoffmann 
reflex indicates an upper motor neuron lesion in 
the cervical spine or at higher levels in the brain. 
For a patient with a positive Hoffmann sign, it is 
important to compare the extremity with the 
other side; a small percentage of patients will 
have a bilaterally positive Hoffmann sign, which 
can be a normal finding. If a patient has a positive 
Hoffmann sign, consideration also should be 
given to examining the lower extremity because 
disease that affects upper motor neurons may 
also affect those in the lower extremity. An exam-
ple is cervical spondylopathy (cervical spinal ste-
nosis), which can affect all four extremities.

Fig. 5.6 Clinical photograph of how to perform the 
Hoffmann reflex test. The examiner holds the patient’s 
hand and wrist in a relaxed position and flicks the end of 
the middle finger

E.G. McFarland et al.
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Muscle strength and range of motion. A 
large portion of the motor strength examination 
involves determining the range of motion of the 
shoulder and the joints distal to it. However, test-
ing any of the upper extremity muscles takes 
some clinical judgment; a patient with acute 
onset of severe shoulder pain and swelling should 
be approached differently than an ambulatory 
patient who has only mild symptoms. For some 
patients such as those with acute trauma or those 
who present with very painful shoulders despite 
an insidious onset, range of motion examination 
should be deferred until the exact causes of the 
problem can be determined by radiography or 
other diagnostic imaging.

In the emergent setting or in patients with 
severe pain, the goal simply is to determine 
whether or not the muscle segment is firing. In 
such situations, it is best to test the extremity in 
whatever position is comfortable for the patient. 
Similarly, it is best to test muscles that provide 
the most information about each cervical level 
and each peripheral nerve. For the patient with 
shoulder problems, we recommend asking the 
patient to contract the muscle to abduct the arm 
(deltoid, axillary nerve, C5), to flex the elbow 
(biceps muscle, musculocutaneous nerve, C5–
C6), extend the elbow (triceps muscle, radial, 
C7), abduct the fingers (intrinsic muscles, ulnar 
nerve, C7–C8), and oppose the tip of the thumb 
to the tip of the little finger (opponens pollicis, 
median nerve, C5–C7). Other muscles can be 
selected as necessary to determine the exact dis-
tribution of nerve involvement.

Once it is established that a patient can fire 
the muscle, it is then recommended that the 
strength be determined for each muscle group. 
The first step is to ask the patient to move the 
extremity against gravity in a full range of 
motion. A patient’s inability to move the extrem-
ity through a full range of motion can be the 
result of various causes such as pain, weakness, 
contracture, or central nervous system abnor-
malities. The most commonly used grading sys-
tem is the manual muscle testing system, which 
rates muscle action from 0 (no activity) to 5 
(normal) (Table 5.1) [9].

The neural examination involves having the 
patient perform full elevation, flex the elbow 
fully, extend the elbow fully, make a fist, and 
extend the fingers and wrist. If the patient cannot 
move the segment against gravity, then the 
strength rating is graded as a 2. A grade of 4 
means that the patient is weak against resistance 
provided by the examiner but otherwise has full 
range of motion.

Although there are more sophisticated ways to 
measure strength such as hand-held dynamome-
ters, we have not found them to be valuable in the 
routine evaluation of patients. Also, although iso-
kinetic testing via sophisticated machines may be 
of some value for selected patients, this type of 
testing usually is not needed except for athletic 
populations.

For testing shoulder motion specifically, five 
motions typically are evaluated and recorded as 
part of the examination: elevation (in flexion or 
abduction) (Fig. 5.7), external rotation with the 
arm abducted 90° (Fig. 5.8), internal rotation 
with the arm abducted 90° (Fig. 5.9), external 
rotation with the arm at the side (Fig. 5.10), and 
internal rotation with the arm up the back 
(Fig. 5.11). Internal rotation can be approximated 
with the system recommended by Matsen et al. 
[10], in which the top of the scapula is C7, the 

Table 5.1 The manual muscle testing system for grading 
muscle strength

Strength 
grade Description

5: Normal Complete range of motion against 
gravity with full resistance

4: Good Complete range of motion against 
gravity with some resistance

3: Fair Complete range of motion against 
gravity

2: Poor Complete range of motion with gravity 
eliminated

1: Trace Evidence of slight contractility; no joint 
motion

0: None No evidence of contractility

Originally published in Hoppenfeld S. Physical 
 examination of the shoulder. In: Physical Examination of 
the Spine & Extremities, chapter 1, pp. 1–34. Norwalk 
(CT): Appleton & Lange, 1976
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a b

Fig. 5.7 Clinical photograph of the technique for measuring elevation of the arm in flexion (a) or abduction (b)

Fig. 5.8 Clinical photograph of the technique for mea-
suring external rotation with the arm in 90° of 
elevation

Fig. 5.9 Clinical photograph of the technique for measuring 
internal rotation with the arm in 90° of elevation (Reprinted 
with permission from McFarland EG. Shoulder range of 
motion. In: Examination of the Shoulder: The Complete 
Guide. New York: Thieme, 2006:15–87; Figure 2-23)

E.G. McFarland et al.
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midportion of the scapula is T4, the lower border 
of the scapula is T8, the upper lumbar region is 
L1, the lumbosacral junction is L5–S1, and the 

back pocket and the hip are the last two land-
marks (Fig. 5.12). All of these motions in the 
affected extremity should be compared with 
those of the opposite extremity.

If a patient has limited range of motion, it is 
important to try to establish whether the motion 
the patient obtains actively is as good as the 
motion obtained passively with assistance from 
the examiner. When a patient has limited range of 
motion, the examiner should gently try to make 
the segment move further with no resistance. If 
the patient has limited range of motion actively 
and passively, then the patient may have pain or a 
mechanical block to movement of the arm. The 
most common diagnoses that cause loss of active 
and passive motion are arthritis of any type and 
frozen or stiff shoulders. For a patient with pas-
sive motion that is nearly normal but with 
restricted active motion, the most common causes 
are neurological (upper or lower motor neuron) 
or tears of the tendons of the muscles that control 
that motion. Patients with limited range of motion 
should be examined carefully for neurologic 
causes of the loss of motion unless there are obvi-
ous orthopaedic reasons why the motion is lim-
ited, such as arthritis or an acute injury.

Fig. 5.10 Clinical photograph of the technique of testing 
external rotation with the arm at the side

Fig. 5.11 Photograph of measuring internal rotation with 
the hand up the middle of the back, with the thumb up

Fig. 5.12 Line drawing of the location of landmarks for 
internal rotation up the back. (Reprinted with permission 
from Matsen FA, Lippitt SB, Sidles JA, Harryman DT. 
Shoulder motion. In: Practical Evaluation and Management 
of the Shoulder. Philadelphia: WB Saunders, 1994:21.)
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 Tests for Specific Diagnoses

 Manual Muscle Testing and Lag Signs

An important part of determining the diagnosis in 
patients who present with pain and loss of shoul-
der function is to determine which shoulder mus-
cles function normally and which do not. The 
shoulder has many “backup systems” that allow 
it to function with torn tendons or muscles. For 
example, many clinicians are taught that a patient 
with a rotator cuff tear cannot lift the arm. In real-
ity, the loss of motion after a rotator cuff tear is 
most often the result of pain, not a mechanical 
problem caused by the tear itself.

Two muscles elevate the arm: the deltoid and 
the supraspinatus muscles. In one study, Colachis 
and Strohm [11] paralyzed the nerve to the supra-
spinatus and infraspinatus muscles (the supra-
scapular nerve). They found that the patients with 
supraspinatus and infraspinatus muscle paralysis 
had full range of motion but were weak in abduc-
tion and external rotation to strength testing. A 
similar study found that patients whose axillary 
nerves (and thus the deltoid muscles) were para-
lyzed had full range of motion because the supra-
spinatus was still functioning [12].

The findings of Colachis and Strohm [11] are 
clinically important because they indicate that 
patients with very large rotator cuff tears (i.e., the 
supraspinatus and infraspinatus torn completely 
from the bone) can have normal shoulder range 
of motion and little loss of motion in their activi-
ties of daily living. However, the most common 
experience of such patients is weakness when 
using the arm elevated over shoulder level and 
when holding objects away from their bodies. As 
a result, the ability to detect rotator cuff abnor-
malities depends on the examiner’s ability to test 
specifically the muscles of the rotator cuff and 
other muscles around the shoulder. Although a 
detailed description of how to test all muscles of 
the upper extremity is beyond the scope of this 
chapter, and excellent texts are available on this 
subject, several of the techniques used for testing 
muscle strength are summarized here.

When testing abduction strength of the shoul-
der, it is impossible to isolate the supraspinatus 

muscle from the deltoid muscle [13]. The most 
common position for testing the supraspinatus is 
with the arm abducted 90°, forward-flexed 30° on 
the thorax (called the “plane of the scapula” 
because the scapula is on an angle because of the 
curve of the thorax), and with the arm in internal 
rotation (Fig. 5.13). This test can be done with the 
arm in neutral rotation, internal rotation (called the 
“empty can” position), or external rotation (called 
the “full can” position) [14]. When testing the arm 
for abduction strength, it is important not to cause 
the patient pain, which is more likely to occur 
when the arm is tested in the internally rotated 
position. Some studies have shown that the muscle 
activity in the supraspinatus is the same whether 
the arm is tested thumb down, thumb up, or in neu-
tral position [15, 16]. Therefore, we no longer use 
the empty-can  position when testing the supraspi-
natus because the pain provoked makes the test 
difficult to interpret.

An important test for determining the strength 
of abduction is the “drop-arm sign.” There are 
two ways to perform this test. The first is to have 
the patient elevate the arm fully and then ask him 
to bring it down slowly to the side (Fig. 5.14). If 
the patient cannot do this without dropping the 
arm, the test is considered positive. The second 
method is to elevate the arm to 90° and ask the 
patient to hold it in that position. If she cannot do 
so, and the arm drops to the side, the test is con-
sidered positive. This test indicates profound 
abduction weakness that can be secondary to 
neurologic causes or a massive tear of the rotator 
cuff (i.e., the supraspinatus and infraspinatus).

The second important test for determining 
whether the rotator cuff is torn is testing external 
rotation strength with the arm at the side 
(Fig. 5.15). This test is best performed with the 
elbows at the side, with the examiner pushing the 
patient’s arm into internal rotation against resis-
tance by the patient. If the patient’s resistance is 
weak, it can mean that there is a supraspinatus 
tendon tear because the supraspinatus muscle is 
also an external rotator of the shoulder. However, 
profound weakness in external rotation is indica-
tive of a tear of the infraspinatus tendon or neural 
injury to that muscle. Rarely will weakness in 
that muscle be the result of disuse and pain alone.

E.G. McFarland et al.
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a b

c

Fig. 5.13 Clinical photographs of testing the strength of 
abduction with the arm in the plane of the scapula and 
with the thumb down (known as the “Jobe test” or “empty- 

can position”) (a). This test can be performed adequately 
with the patient’s arm in a neutral position (b) or with the 
thumb up (the “full-can position”) (c)

Fig. 5.14 Photograph of a patient with a positive drop- 
arm sign. The patient cannot hold the arm against gravity 
(arrow shows arm dropping)
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Another sign of a large rotator cuff tear or pro-
found neurologic injury to the nerves supplying 
the rotator cuff is the “external rotation lag sign.” 

In this test, the patient stands with the elbow 
flexed 90°, and the examiner holds the arm by the 
elbow (Fig. 5.16). The arm then is maximally 
externally rotated, and the patient is asked to hold 
the arm in that position. Inability to hold that 
position and allowing the arm to rotate internally 
indicates a complete tear of the supraspinatus and 
infraspinatus tendons or a severe neurologic defi-
cit to the nerves to those muscles [17].

There are three tests for the subscapularis 
muscle and tendon. The first is the lift-off test, 
which is performed by asking the patient to rotate 
the arm internally up the back and then try to lift 
the hand off the back without extending the elbow 
[18] (Fig. 5.17). The inability to perform this 
maneuver is considered a positive test and indi-
cates a complete tear of the subscapularis tendon 
where it attaches to the lesser tuberosity of the 
humerus. This test has high accuracy, but it is dif-
ficult for patients with a stiff shoulder to 
perform.

The second test of the subscapularis muscle 
and tendon is the “subscapularis lag sign” [18]. 
This test is performed in a manner similar to that 
for the lift-off test, except that the examiner 
places the patient’s arm just off the low back and 
asks the patient to hold the position (Fig. 5.18). 
The inability of the patient to hold the arm away 
from the body, so that it drops back to the thorax, 

Fig. 5.15 Clinical photograph of the technique of testing 
the strength of external rotation with the arm at the side

Fig. 5.16 Clinical 
photograph of the 
external rotation lag 
sign, which is positive 
when the patient cannot 
hold the arm in maximal 
external rotation 
(Reprinted with 
permission from 
McFarland EG. Rotator 
cuff disease and 
impingement. In: 
Examination of the 
Shoulder: The Complete 
Guide. New York: 
Thieme, 2006:126–161; 
Figure 4-38.)
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is considered a positive test and indicates dys-
function of the subscapularis muscle or tendon.

The third test is the “belly press test.” In this 
test, the patient is asked to place his or her hand 
on the abdomen, and the examiner brings the 
elbow forward (Fig. 5.19). The patient is then 
asked to hold that position. If the elbow falls back 

so that the wrist flexes, the test is considered to be 
positive and it indicates subscapularis muscle or 
tendon dysfunction [18].

 Rotator Cuff Disease

Until recently, it was assumed that the reason the 
rotator cuff tendons became frayed (partial- thickness 
tears) and eventually tore completely (full-thickness 

Fig. 5.17 Clinical photograph of the lift-off test

a b

Fig. 5.18 Clinical photographs of the subscapularis lag sign. The arm is lifted off the lower back, and the patient is 
asked to hold it in that position (a). If the arm falls toward the back (b), then this is a positive test

Fig. 5.19 Clinical photograph of the “belly press” test. A 
positive test is when the wrist flexes with the arm in this 
position as the patient pushes against the abdomen
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tears) was because the tendons rubbed against or 
“impinged” on the acromion or coracoacromial liga-
ment (called “outlet impingement”), the superior 
glenoid (called “internal impingement”), or the cora-
coid (called “coracoid impingement”) [19].

Although impingement of the tendons on 
other structures has been the prevailing theory for 
the past 50 years, new evidence suggests that 
rotator cuff tendons wear and eventually tear sec-
ondary to senescence alone. Therefore, it has 
been suggested that the gradual wear and tearing 
of rotator cuff tendons be called “rotator cuff dis-
ease” and not “impingement” [19, 20].

Impingement signs. Two impingement signs 
have been described for the physical examination 
for rotator cuff disease. The classic impingement 
sign, described by Neer in 1972 [21], consists of 
forward-elevating the arm in flexion (Fig. 5.20) 
while stabilizing the scapula. A positive test is 
when the patient reports pain radiating into the 
deltoid region with this maneuver. Although this 

test can be helpful when making the diagnosis of 
rotator cuff abnormality, it also can be positive for 
almost any shoulder condition, including shoulder 
stiffness (frozen shoulder), glenohumeral arthritis, 
acromioclavicular (AC) arthritis, and labral lesions 
[22, 23]. Therefore, a positive Neer sign when 
used alone is not specific for any one disease 
entity, and it must be interpreted with caution.

The second impingement sign for rotator cuff 
disease is the Kennedy-Hawkins sign [24, 25]. 
This test is performed by the examiner flexing the 
patient’s shoulder in front of the body to approxi-
mately 90° and then internally rotating the shoul-
der (Fig. 5.21). A test is considered positive if the 
patient reports pain in the deltoid area or pain that 
radiates down the arm. Like the Neer impinge-
ment sign, this test is not specific for any one 
shoulder condition. In addition, this test can be 
especially painful in patients with a stiff or 
arthritic shoulder, so in those patients it must be 
performed with caution. Although the Kennedy- 

Fig. 5.20 Clinical 
photograph of the Neer 
impingement sign test. 
A positive test is pain in 
the deltoid region with 
elevation of the arm

E.G. McFarland et al.
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Hawkins sign has been shown to be more sensi-
tive than the Neer test for rotator cuff abnormality 
of any type, Park et al. [23] found that the Neer 
sign was only nearly equal in sensitivity and 
specificity to the Kennedy-Hawkins sign. 
Therefore, this sign should be considered in the 
context of the entire shoulder examination.

Painful arc sign. The last sign considered 
important in making the diagnosis of symptomatic 
rotator cuff disease is the “painful arc” [23, 26]. 
This test is performed by having the patient fully 
elevate both arms. In some patients with symp-
tomatic rotator cuff tears, the patient will report 
pain when the arms are between approximately 
70° and 120° of elevation [27]. Although this test 
is most commonly positive when the rotator cuff is 
inflamed or torn, it can be positive in patients with 
arthritis, a stiff or frozen shoulder, or other 
conditions.

Putting it all together. The evaluation of the 
patient with a painful shoulder takes a thorough 

approach and attention to the basic details of the 
axioms mentioned above. Inspection is necessary 
to determine if there is atrophy of the muscles, 
and a neurologic evaluation is necessary to rule 
out more proximal causes of the dysfunction. 
Range-of-motion testing will indicate if the 
patient is stiff but it will not define the cause of 
the stiffness. Strength testing not only indicates 
which muscles and tendons work but it reveals 
possible tendon tears or underlying neural causes 
of the condition.

Using these tests in combination increases the 
chance that a diagnosis can be made accurately. 
For example, if a patient is >60 years old, has 
weakness in abduction, and has a positive 
impingement sign (Neer or Kennedy-Hawkins 
sign), there is a >98% chance that he or she has a 
rotator cuff tear [28]. One study found that 
patients with a positive drop-arm sign, weakness 
in external rotation, and a painful arc had a 91% 
chance of having a rotator cuff tear [23]. However, 

Fig. 5.21 Clinical 
photograph of the 
Kennedy-Hawkins 
impingement sign test. 
A positive test is pain 
into the deltoid region 
with the arm in flexion 
and internal rotation
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it should be remembered that weakness is a neu-
rologic symptom first and an orthopaedic symp-
tom second; in other words, it cannot be assumed 
that the weakness is the result of rotator cuff 
abnormality without confirmation via conven-
tional radiography, arthrography, ultrasonogra-
phy, or magnetic resonance imaging.

 Acromioclavicular Joint Abnormalities

The first diagnostic test for an AC joint abnormal-
ity is visually to assess the AC joint and compare it 
with the contralateral joint. The second diagnostic 
test is palpation directly on the joint itself. Although 
the AC joint is arthritic by MRI criteria in >90% of 
people who are >30 years old [29], these changes 
are not important unless the patient can localize the 
pain to the AC joint. We frequently ask patients to 
perform what we call the “one-finger test,” asking 

them to point only one finger at the spot that hurts 
(Fig. 5.22). Patients with AC arthritis typically 
point directly at the AC joint, whereas patients with 
rotator cuff abnormality point to the deltoid area or 
front of the shoulder (Fig. 5.23).

Other tests described for the AC joint include 
the cross-arm adduction stress test, the arm exten-
sion test, and the active compression test (all 
described elsewhere) [30, 31]. These secondary 
tests can help confirm the diagnosis in symptom-
atic AC joint conditions. When multiple tests are 
positive, these tests have increased clinical utility 
(Table 5.2). When there is a question about the 

Fig. 5.22 Clinical photograph of the one-finger test, in 
which the patient places one finger on the spot in the 
shoulder that hurts the most

Fig. 5.23 Artist’s sketch of pain in the shoulder joint 
area, in the acromioclavicular joint area, and in a combi-
nation of both areas (Reprinted with permission from 
McFarland EG. General principles of shoulder examina-
tion. In: Examination of the Shoulder: The Complete 
Guide. New York: Thieme, 2006:1–14)

Table 5.2 Clinical usefulness of three physical examination testsa for acromioclavicular joint abnormality

Positive results

Sensitivity Specificity PPV NPV Overall Accuracy

% No. % No. % No. % No. % No.

In all 3 tests 25 4 of 16 97 290 of 299 31 4 of 13 96 290 of 302 93 294 of 315

In any 2 tests 81 13 of 16 89 266 of 299 28 13 of 46 99 266 of 269 89 279 of 315

In 1 test 100 16 of 16 74 221 of 299 17 16 of 94 100 221 of 221 75 237 of 315

PPV positive predictive value, NPV negative predictive value
Originally published in Chronopoulos E, Kim TK, Park HB, Ashenbrenner D, McFarland EG. Diagnostic value of 
physical tests for isolated chronic acromioclavicular lesions. Am J Sports Med. 2004;32:655–661
aThe 3 tests analyzed were the cross-body adduction stress test, the acromioclavicular-resisted extension test, and the 
active compression test
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diagnosis, an injection of local anesthetic into the 
AC joint is considered diagnostic.

 Shoulder Instability

Shoulder instability, which is abnormal move-
ment of the humeral head on the glenoid, can be 
classified by magnitude and direction. In terms of 
magnitude, a subluxation is defined as the humeral 
head moving too far on the glenoid but reducing 
spontaneously, and a dislocation is defined as the 
humeral head locking outside the confines of the 
glenoid. A subluxation typically is characterized 
by pain and limited motion for a few days or 
weeks. A dislocation presents with acute pain and 
loss of motion secondary to the humeral head 
being out of the socket. Patients with dislocations 
may have nerve or artery damage, rotator cuff 
tears, or fractures, so a complete neurologic eval-
uation as described above is also necessary in 
these patients. After the shoulder is reduced, the 
patient may have pain and loss of range of motion 
for several weeks, but a careful neurovascular 
examination can still be accomplished.

Shoulder instability can also be classified by 
direction. Anterior instability is defined as the 
humeral head coming anterior to the glenoid, and 
posterior instability is defined as the reverse. True 
inferior instability is quite rare, although 
increased inferior laxity (as shown by a high- 
grade sulcus sign) is common, especially in ado-
lescent athletes.

Anterior instability. The arm position that 
produces anterior glenohumeral or shoulder 
instability is abduction over the shoulder level 
and external rotation. It can sometimes be caused 
by an anterior pull on the arm (as by a ski rope) 
or a blow to the back of the shoulder.

The classic test for anterior instability is the 
anterior apprehension test [32], which is per-
formed by the clinician carefully abducting and 
externally rotating the patient’s arm until he or 
she feels apprehensive that the shoulder might 
subluxate or dislocate (Fig. 5.24). This test is 
highly sensitive and accurate if the patient feels a 
sense of impending subluxation and is apprehen-
sive. Some clinicians have suggested that pain 
alone with this test might indicate anterior shoul-
der instability [32–34]. However, several studies 

Fig. 5.24 Clinical 
photograph of the anterior 
apprehension sign test. 
The test is positive if the 
patient expresses concern 
that the shoulder may 
subluxate or dislocate 
with the arm in abduction 
and external rotation
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have shown that if pain is used as the criterion for 
a positive test, the  anterior apprehension test is 
neither sensitive nor accurate [35, 36].

Posterior instability. Posterior instability of 
the shoulder is much less common than anterior 
glenohumeral instability. The most common 
mechanism for posterior instability is an axial 
load along the arm when it is flexed in front of the 
body. It is seen in patients who fall on the arm in 
front of them with the elbow flexed. If the patient 
sustains a subluxation, there may be pain and no 
deformity. If the shoulder is dislocated posteri-
orly, the patient’s arm will be locked in a flexed 
and internally rotated position. Nearly any 
motion of the shoulder will be painful until the 
shoulder is reduced.

The classic test for posterior instability has 
been called the “posterior apprehension sign” 
[37]. In this examination, the arm is forward- 
flexed and internally rotated while the clinician 
applies a posterior force to the shoulder 
(Fig. 5.25). This maneuver should make the 
patient apprehensive that the shoulder might dis-

locate. Unfortunately, this test is not very accu-
rate and is not positive in most patients [38]. 
Several other tests for posterior shoulder insta-
bility have been described, but those tests are 
difficult to perform and their accuracy is in ques-
tion. One test that might be useful is a posterior 
drawer sign, in which the examiner subluxes the 
patient’s shoulder posteriorly with the patient in 
the supine position. If the patient states that the 
subluxation reproduces not only the symptoms 
of instability but also the direction of the insta-
bility, then it can be diagnostic for posterior 
instability [39].

Inferior instability. As indicated above, true 
inferior instability is rare, although increased 
inferior laxity is common in young, athletic 
individuals, especially swimmers, gymnasts, 
and baseball pitchers. Inferior laxity is mea-
sured via a sulcus sign, which is the gap pro-
duced when the arm is pulled inferiorly by the 
examiner (Fig. 5.26). This test is graded from I 
to III on the basis of the distance of the gap 
between the humeral head and the acromion: 

Fig. 5.25 Clinical 
photograph of the 
posterior apprehension 
sign test. A test is 
positive if the patient 
feels the shoulder may 
subluxate or dislocate 
with a posteriorly 
directed force with the 
arm in flexion and 
internal rotation

E.G. McFarland et al.
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grade I, 0.5–1.0 cm; grade II, 1.0–2.0 cm; and 
grade III, >2 cm [40]. This test has been used 
inappropriately to make the diagnosis of inferior 
instability, and it reflects the looseness of the 
shoulder joint. Unless the patient states during 
sulcus testing that it reproduces a sense of insta-
bility, it reflects only general ligamentous laxity 
and should not be interpreted to mean the shoul-
der is unstable inferiorly [41].

 Labral Lesions

Tears of the glenoid labrum are difficult to diag-
nose on physical examination. Although many 
tests have been described, the most accurate way 
to make the diagnosis is with arthroscopy of the 
shoulder [42]. Even when multiple tests are used 
during the physical examination, the accuracy of 
those tests does not increase [43]. It has been sug-
gested that a painful click in the shoulder might 
represent a labrum tear [31, 44], but one study 

[45] found that the incidence of a click in patients 
with a superior labrum lesion was the same as 
that in patients with no labrum tears. Patients 
who are suspected of having a labrum tear should 
undergo magnetic resonance arthrography, and 
consultation with an orthopedic surgeon should 
be considered.

 Biceps Tendon Pain

Many clinicians have observed that the biceps 
tendon is a source of pain in some patients in 
whom the tendon eventually ruptures and the 
pain dissipates. Typically, the pain in such 
patients radiates down the front of the shoulder 
into the biceps tendon. Unfortunately, the tests 
described for eliciting biceps tendon pain are dif-
ficult to study because it is rare for the biceps ten-
don to be inflamed, partially torn, or even unstable 
without the presence of coexisting rotator cuff 
disease [46]. Therefore, when a test for the biceps 

Fig. 5.26 Clinical 
photograph of the sulcus 
sign test. This test is a 
measure of shoulder 
laxity
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tendon is performed during the physical exami-
nation, it is possible that the pain comes from the 
rotator cuff tear, the biceps tendon, or both.

Similarly, palpation of the biceps tendon is 
difficult because the tendon is difficult to isolate, 
especially in larger patients. The best technique 
for palpating the biceps tendon is for the clinician 
to rotate the patient’s arm externally approxi-
mately 20–30°, then flex and extend the elbow 
while trying to feel the tendon move under the 
finger, which should be approximately 4–5 cm 
below the anterior acromion (Fig. 5.27). One 
study suggested that palpation of the biceps ten-
don is neither sensitive nor specific for biceps 
tendon abnormalities, and that pain in the region 
of the biceps in the anterior shoulder cannot be 
presumed to be secondary to biceps tendon 
abnormality alone [46].

Other physical examination tests for the biceps 
tendon are also not very helpful in making the 
diagnosis. In our experience, the Yergason test, 
which is pain in the biceps area with resisted 
forearm supination, is rarely positive. Parentis 
et al. [47] found this test to be unhelpful in the 
diagnosis of biceps tendon pathologies.

Another examination test is the Speed test [48, 
49]. This test is performed by having the patient 

forward-flex the arm to 90° and hold it in a 
slightly horizontal extended position (Fig. 5.28). 
The examiner applies a force toward the floor as 
the patient resists that motion, and a positive test 
is pain into the biceps area in the anterior 
 shoulder. Despite its widespread use and accep-
tance, studies have been unable to substantiate its 
clinical usefulness. One study found that it was 
neither sensitive nor specific for biceps tendon 
pathology [46].

 Thoracic Outlet Syndrome

One of the more difficult conditions to diagnose 
accurately is thoracic outlet syndrome (TOS), 
which is caused by compression of the nerves of 
the brachial plexus or the vascular bundle in the 
arm between the first rib, the middle scalene 
muscle, and the clavicle (see Chap. 8 for details).

Three forms of TOS have been postulated, 
representing a spectrum of disorders: vascular, 
neurogenic, and “disputed” or “common” [50]. 
The vascular form is characterized by compres-
sion of the major blood vessels (subclavian artery 
or vein) as they course beneath the clavicle. In the 
neurogenic form, the brachial plexus is com-

Fig. 5.27 Palpation of 
the biceps tendon is 
performed by externally 
rotating the arm and 
flexing and extending 
the elbow

E.G. McFarland et al.
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pressed beneath the scalene muscles or in the 
costoclavicular space. In the disputed or common 
form, there is no physical evidence of nerve com-
pression but the patient has pain suggestive of 
compression of the brachial plexus [50, 51]. As in 
patients with multiple lesions in the glenohu-
meral joint, patients with TOS may have one or 
more forms of the syndrome, and they may con-
comitantly have other peripheral nerve compres-
sions (such as carpal tunnel syndrome and cubital 
tunnel syndrome) that can obfuscate the diagno-
sis [52].

TOS is difficult to diagnose accurately, primar-
ily because the disputed form has no one specific 
history or physical examination finding that con-
firms the diagnosis. The vascular form is charac-
terized by symptoms one would expect from 
intermittent vascular occlusion: color or tempera-
ture changes in the extremity, swelling, and pares-
thesias from nerve ischemia. The neurogenic form 
is characterized by pain, atrophy, weakness, and 
paresthesias. The common type is characterized 
by pain and weakness but it typically does not 
involve atrophy or vascular changes. The physical 
findings in TOS can be nonspecific, and as a result 

it has often been said to be a diagnosis of exclusion 
[50, 53].

The dilemma for the clinician diagnosing a 
patient with possible TOS is that there is no one 
accepted standard that can verify the diagnosis, no 
one physical examination for TOS that has inde-
pendent validity, and no radiologic or serologic 
test that can confirm the diagnosis. Several studies 
have found that no single ancillary diagnostic tool 
such as angiography or  electromyography can 
predict the disease or the results of treatment [53–
55]. With the caveat that additional study is 
required to determine the clinical usefulness of 
these tests during physical examination for TOS, 
we review below some of the tests described for 
making the diagnosis.

The Adson test [56], as described in 1947, is 
an example of the difficulties with the examina-
tion for TOS. This test is performed by having the 
patient elevate the chin and turn it to the affected 
side while the clinician palpates the pulse 
(Fig. 5.29). If the person has diminution or loss of 
the radial pulse with this maneuver, then the 
patient most likely has TOS. A variation of this 
test was described by Rayan and Jensen [57], in 

Fig. 5.28 The Speed 
test is performed by 
resisting elevation of the 
arm in this position. A 
positive test is when the 
patient reports pain in 
the anterior shoulder. 
This test is not accurate 
for biceps tendon 
pathology
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which the patient is asked to rotate the head 
toward the examiner and inhale deeply.

Unfortunately, subsequent study has shown 
that loss of a pulse with this maneuver is physio-
logical and normal [55]. In a plethysmographic 
study of the upper extremities of healthy volun-
teers, Gergoudis et al. [58] found that 53% of the 
symptom-free volunteers lost a pulse when per-
forming the Adson test. Similarly, Rayan and 
Jensen [57] studied both extremities of asymp-
tomatic individuals with the Adson test. They 
found that 13.5% of the extremities had a positive 
Adson test for loss of a pulse and that only 2% of 
the extremities experienced paresthesias with this 
maneuver.

The costoclavicular maneuver was first 
described by Falconer and Weddell [59] in 1943. 
With arms at the side, the patient is asked to bring 
the shoulders back, depress the shoulders, and 
stick out the chest in an exaggerated military 
position. The patient is asked to hold this position 
for at least 1 min. The test is considered positive 
test if there is diminution of the radial pulse or if 
the patient develops paresthesias. Rayan and 
Jensen [57] studied this test in healthy, asymp-
tomatic volunteers and found that 48% had a 

positive vascular response and 10% had a posi-
tive neurologic response with paresthesias.

The hyperabduction test was first described by 
Wright [60] in 1945. His rationale for this test was 
the observation that people who sleep with their 
hands over their heads can produce symptoms of 
paresthesias or vascular compromise. In the 
hyperabduction test, the arm is elevated >90° with 
the elbows extended or flexed <45°. The patient is 
then asked to hold that position for 1 min. The test 
is considered positive if there is diminution or loss 
of the pulse or the presence of paresthesias. Rayan 
and Jensen [57] studied this test in healthy volun-
teers and found that a positive vascular response 
was seen in 57% of volunteers and that paresthe-
sias were reported in 16.5%.

Other provocative tests include direct digital 
compression of the brachial plexus in the anterior 
cervical triangle, also known as the supraclavicular 
fossa, or inferior to the clavicle in the infraclavicu-
lar fossa (Fig. 5.30). These tests are collectively 
known as “compression tests.” The rationale behind 
such tests is that they compress the brachial plexus 
similarly to a Phalen test for median nerve com-
pression at the wrist. Roos [55] suggested that 
compression by the examiner’s thumb for 30 s 
 indicates that the brachial plexus may be the source 

Fig. 5.29 Clinical 
photograph of the Adson 
test for thoracic outlet 
syndrome. A positive 
test is reproduction of 
symptoms of pain, 
paresthesias, or vascular 
changes in the extremity

E.G. McFarland et al.
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of the patient’s symptoms. Novak et al. [61] studied 
a cohort of patients with suspected TOS and found 
that, with a positive abduction test as described 
above and a reproduction of symptoms with down-
ward pressure on the arms, all patients had pain, 
numbness, or paresthesias within 30 s.

Novak et al. [61] reported on the use of the 
Tinel maneuver at the supraclavicular or infracla-
vicular fossa to reproduce symptoms of 
TOS. They found that a positive Tinel maneuver 
in this area supports a diagnosis of TOS. Gillard 
et al. [53] studied 48 patients suspected of having 
TOS and found that a Tinel sign had a sensitivity 
of 46% and a specificity of 56% for the diagnosis 
of TOS.

Another test for TOS is the Roos test [55], in 
which the patient places both arms in 90° of 
 abduction and external rotation, with the elbows 
bent. The patient then opens and closes the hands 
slowly for 3 min. A positive test is when the patient 
reports reproduction of the symptoms of pain and 
paresthesias (Fig. 5.31). Several investigators [52, 
55, 62] have emphasized that TOS is a clinical 
diagnosis based on a consideration of the constella-
tion of evidence, including the patient’s symptoms 
and physical examination. Roos [55] suggested 
that a combination of pain with percussion of the 
supraclavicular or infraclavicular area, thumb com-
pression of these two areas, weakness to manual 
muscle testing, hypesthesia to touch and pinprick, 
and a positive Roos test are the best findings for 
supporting the diagnosis. However, these observa-

tions were not studied statistically and therefore 
must be considered level-V evidence [63–65].

Gillard et al. [53] conducted the only study 
that evaluated the physical examination tests for a 
cohort of patients who had symptoms of TOS 
(Table 5.3). They found that the highest sensitiv-
ity was for the Wright test when a positive test 
was considered the reproduction of symptoms. 
The most specific test was the hyperabduction 
test for abolition of the pulse (90%). If the patient 
had more than one positive test, then the specific-
ity increased, but the sensitivity did not. There 
was no analysis of the relationship of these tests 
to successful medical or surgical treatment of the 
condition.

In summary, the diagnosis of TOS on the basis 
of physical examination alone is difficult, and the 
 clinician must consider carefully all other condi-
tions that might cause similar symptoms in the 
upper extremity. Studies of the physical examina-
tion are hampered by the lack of a standard  
by which to determine the diagnosis of TOS. 
Therefore, the physical examination for this con-
dition can  contribute toward making the diagno-
sis but often ancillary diagnostic techniques, such 
as magnetic resonance angiography or regular 
angiography, may be necessary. Additional study 
of the relationship of the physical findings to the 
diagnosis of TOS and to the results of treatment 
is warranted.

Fig. 5.30 Clinical photograph of the anterior cervical tri-
angle palpation test. This test is analogous to the Phalen 
test at the wrist

Fig. 5.31 Clinical photograph of the Roos test. A posi-
tive test is reproduction of symptoms of pain, paresthe-
sias, or vascular changes in the extremity
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The basic principles of a musculoskeletal evalua-
tion are
 A. Expose both shoulders to assess the affected 

joint
 B. Compare both sides
 C. Evaluate a joint above and below
 D. Obtain radiographs in both planes at 90° to 

each other
 E. All of the above

Match sensory examination and area
 A. C5
 B. C6
 C. C7
 D. C8
 E. T1

 1. Deltoid area
 2. Volar side of the middle finger
 3. Medial elbow
 4. Volar side of the little finger
 5. Volar side of the thumb

What are the muscles that elevate the arm?
 A. Deltoid
 B. Infraspinatus
 C. Subscapularis
 D. Supraspinatus
 E. All of the above
 F. A & B
 G. A & C

What are the tests for the subscapularis muscle?
 A. Lift-off test
 B. “Subscapularis lag sign”
 C. “Belly press test”
 D. Kennedy-Hawkins sign
 E. All of the above
 F. A & B & C
 G. A & B & D
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Assessing Outcomes

Jacob Joseph and Edward G. McFarland

 Introduction

The first shoulder surgeon to advocate for follow-
ing patients who have had shoulder surgery was 
Ernest Amory Codman [1]. His belief in the need 
for analyzing clinical results was a clarion call 
for the health profession that has only recently 
gained acceptance. There is increasing emphasis 
on reporting patient outcomes after shoulder sur-
gery for clinical, economic, and political reasons. 
Since the 1990s, governing bodies for surgeons 
have prioritized the ability to objectively and 
independently produce evidence of treatment 
efficacy and patient satisfaction [2].

Unfortunately, the science of measuring patient 
satisfaction and outcomes has not progressed rap-
idly. There are many outcome measures for the 
whole body, the upper extremity, and the shoulder 
specifically, but many of them have not been vali-
dated, are impractical to use, do not have estab-
lished minimally important differences, lack 
statistical rigor, and are used inappropriately [2, 3]. 
For example, although satisfaction with surgery 
has been typically measured with a Likert scale 
(with categories of very unsatisfied, unsatisfied, 

neutral, satisfied, and very satisfied), the scale is 
not parametric and has not been validated for many 
shoulder disorders. An analog scale for patient sat-
isfaction after treatment has not been validated for 
any shoulder disorder, yet both analog scales and 
the Likert scale are reported widely across shoulder 
studies.

There is a practical side to reporting patient 
outcomes, which may serve to increase our 
knowledge and allow comparison of treatments 
[4]. This chapter reviews the various issues 
regarding outcome measures, which determine 
their validity and usefulness. The strengths and 
limitations of each shoulder outcome measure 
will be explained, and this chapter should serve 
as a guide for practitioners and scientists alike.

 Patient-Reported Outcome 
Measures

Patient-reported outcomes are defined as the 
assessment of any aspect of a patient’s health 
state reported directly by the patient. By defini-
tion, patient-reported outcomes are subjective 
information, which is used to create standards for 
these indirect measures [3]. This subjective infor-
mation may be augmented with objective data 
such as quantification of range of motion and 
strength. Patient-reported health-related quality 
of life (HRQoL) is now viewed as a primary 
 outcome of surgical treatment. Patient-reported 
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outcomes and HRQoL measures are often com-
bined into questionnaires as patient-reported out-
come measures (PROMs). PROMs have been 
used widely in research studies and clinical trials. 
PROMs are also useful in clinical care for screen-
ing, monitoring care, and promoting patient- 
centered care [5]. PROMs have been used in 
orthopaedic surgery for many years and for vari-
ous joints and conditions. PROMs have been 
designed with different levels of specificity by 
domain or system (e.g., general health, extremity, 
or joint) and disease condition (Table 6.1).

This chapter discusses the primary general 
health PROMs used in research and screening, 
along with upper extremity–specific, shoulder- 
specific, and disease-specific PROMs. General 
health PROMs capture the overall health of the 
individual and encompass physical, mental, and 
social health. These PROMs also include domains 
relating to quality of life [6]. General health 
PROMs are sensitive to various health issues simul-
taneously and therefore are often unable to distin-
guish problems with high specificity.

Upper extremity PROMs typically encapsu-
late the whole arm from mid-clavicle to the fin-

gers. They can capture information from multiple 
areas of the arm simultaneously, which may pro-
vide a good sense of how the extremity functions. 
However, these PROMs do this at the expense of 
more specific information about a single joint, 
which may be the joint of interest [7].

Shoulder-specific PROMs focus on the gleno-
humeral, acromioclavicular, sternoclavicular, and 
scapulothoracic joints. Upper extremity– and 
shoulder-specific PROMs often include domains 
related to pain, motion, function, and use of the 
arm for activities of daily living (ADLs). Specific 
information about the domains of each PROM 
are outlined below. The final group of PROMs 
are disease- specific measures. They are designed 
to assess a single state or condition and are the 
narrowest outcome measures. Disease-specific 
PROMs use questionnaires that gather informa-
tion related to a specific diagnosis or treatment 
option. They assess pain, function, and ability to 
perform ADLs [7].

PROMs should have optimally established 
psychometric validity of their material. This 
means that a questionnaire asks the appropriate 
questions and an individual can answer the 

Table 6.1 Validity and joint specificity of patient- reported outcome measures

Outcome measure Validationa Shoulder conditions

American Shoulder and Elbow Surgeons (ASES) score Yes General shoulder

Constant-Murley score Yes Rotator cuff repair, shoulder 
arthroplasty, adhesive capsulitis, 
proximal humeral fractures

Simple Shoulder Test Yes General shoulder

Disabilities of the Arm, Shoulder, and Hand (DASH) score Yes General upper extremity

Oxford Shoulder Score Yes General shoulder except instability

UCLA Shoulder Score No General shoulder

University of Pennsylvania Score Yes General shoulder

Rowe Score for Instability Yes Bankart repair

L’Insalata Shoulder Rating Questionnaire Yes General shoulder

Single Assessment Numeric Evaluation (SANE) score No General shoulder

Shoulder Pain and Disability Index Yes Shoulder pain

Western Ontario Osteoarthritis of the Shoulder (WOOS) 
Index

Yes Osteoarthritis

Western Ontario Shoulder Instability (WOSI) Index Yes Instability

Western Ontario Rotator Cuff (WORC) Index Yes Rotator cuff tears

Rotator Cuff Quality-of-Life Score Yes Rotator cuff tears
a“Yes” indicates that a published study has established the construct validity, reliability, and responsiveness of the 
patient-reported outcome measure
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 questions appropriately [4]. This method is 
essential to establishing the accuracy and quality 
of a PROM’s ability to capture information. The 
following three measures of validity are impor-
tant to understand when considering the accurate 
use of any PROM: construct validity, test-retest 
reliability, and responsiveness. Construct validity 
is the ability of a PROM to effectively measure 
the concept it was designed to assess. For exam-
ple, a shoulder-specific PROM should be able to 
capture information pertinent to the function of 
the shoulder such as pain, motion, and ease of use 
for ADLs. Such a measure would ask about when 
pain occurs and what activities can be performed 
with what level of comfort [8].

Test-retest reliability is the ability of the mea-
sure to produce the same results at similar time 
points. Test-retest reliability is gauged by having 
a subject complete a PROM and then repeat it 
5–30 days later. Test- retest reliability is typically 
reported as a correlation of the two results [8].

Responsiveness is the PROM’s ability to 
detect meaningful changes over time. This is 
measured by correlating the scores on the survey 
with clinical factors of interest to the researcher 
or clinician. For example, if a patient experiences 
more pain over time or a decrease in function and 
difficulty with ADLs, then a PROM should cap-
ture the changes over time, and it should create a 
sense of whether the changes are enough to cre-
ate change in the patient’s performance or expec-
tations [8].

Some commonly used PROMs have not been 
psychometrically validated nor designed with a 
validation method. Many PROMs were devel-
oped and introduced before the medical com-
munity became aware of the standards of 
psychometric validation [6].

Although PROMs can be used to measure the 
effects of intervention, there are multiple con-
cepts to consider when interpreting changes in 
scores over time. Although a patient’s outcome 
score may change, it may not represent a true 
clinical change in state. Therefore, it is impor-
tant to realize that changes in scores that are sta-
tistically significant may not be clinically 
important to the patient or provider. The concept 
of the minimally clinically important difference 

(MCID) is that the difference in score represents 
a meaningful clinical change in the patient’s 
state. This value will vary from PROM to 
PROM. It also may vary for different diagnoses 
using the same PROM. For example, for a given 
PROM, a MCID for the results of the treatment 
of rotator cuff disease will be different than for 
the treatment of arthritis of the shoulder. 
Therefore, although the MCID might be pub-
lished for a PROM, it is imperative to know what 
conditions that MCID represents. For some 
PROMs, the MCID has never been determined 
nor published, so the use of MCID should be 
interpreted with caution [9].

There are multiple methods for establishing 
MCIDs, and there is little consensus regarding 
the most appropriate method to be used in ortho-
pedics. It is often difficult for studies to define 
MCID appropriately because of lack of consen-
sus, which may be a reason few MCID values are 
defined [9].

Outcome measures may be limited by what is 
called a “floor” or “ceiling” effect. This is the 
limitation of the PROM to detect changes above 
or below a certain threshold. A floor or ceiling 
effect also can occur when the patient approaches 
the minimum or maximum score at baseline. 
Further changes cannot be measured as the score 
approaches the limit at the bottom or top of the 
scale. This is often an issue with young, healthy 
patients who may score highly on an outcome 
measure at baseline. This makes assessing the 
benefit of the intervention difficult because post-
operative improvement cannot be captured [10].

Reviews of the literature have described 39 
published PROMs of the shoulder or PROMs 
used in studies of interventions in shoulder condi-
tions [11]. There is little consensus or consistency 
regarding the choice of PROM in studies [2, 11]. 
Often, PROMs are used that are inappropriate for 
a particular study design or patient population, 
potentially leading to invalid conclusions about 
treatment [2]. Various health states can be assessed 
by PROMs, ranging from general health, health of 
the upper extremity, health of the shoulder, and 
disease type. This chapter provides a synopsis of 
the most common PROMs currently used in 
shoulder research.
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 General Health Measures

 36-Item Short-Form Health Survey 
(SF-36)
Developed by the RAND Corporation, the SF-36 
is commonly used in shoulder research. The 
SF-36 has two main domains of measurement: 
(1) physical health and (2) emotional or mental 
health. The survey is scored on a 100-point scale 
with 0 being the worst result and 100 being the 
best result. The SF-36 has been extensively psy-
chometrically validated for construct validity, 
reliability, and responsiveness [6, 12].

 EQ-5D
The EQ-5D is a general health questionnaire 
developed by the EuroQol Group. It is adminis-
tered as two parts: the EQ-5D descriptive system, 
and the EQ visual analog scale (VAS). It contains 
five questions regarding mobility, self-care, 
ADLs (work and leisure), pain, and mental health 
factors such as anxiety and depression. The VAS 
is a 100-mm grading scale that represents overall 
health on that day. The questionnaire can be 
scored as a representation of a health profile 
rather than a numeric sore. The profile is a repre-
sentation of the patient’s health state. The 
responses to the questionnaire can be represented 
as a code, with each question’s numerical value 
combined, thus creating 243 possible combina-
tions representing health status. This code can be 
combined with population-specific data from 
EuroQol to generate a normalized 100-point 
score [13].

 Upper Extremity–Specific Outcome 
Measure

The Disabilities of the Arm, Shoulder, and Hand 
(DASH) score was developed by the American 
Academy of Orthopaedic Surgeons to measure 
single or multiple joints within the upper extrem-
ity [14]. It has three main domains: physical, 
symptoms, and social function of the arm. All 
questions on the DASH are in the form of a 
5-point Likert scale. The DASH has high levels 

of construct validity, reliability, and responsive-
ness. The MCID of the DASH for shoulder- 
related issues is 12 points. The DASH also shows 
high consistency with other shoulder-related 
PROMs when used for studying shoulder treat-
ments and conditions [4, 15–22].

 Shoulder-Specific Outcome Measures

 Constant-Murley Score
The Constant-Murley score was originally 
 presented as a thesis project in 1987. The score 
was not validated at the time of its presentation 
[23–25]. Subsequent studies have been  performed 
to validate its use after total shoulder arthroplasty, 
rotator cuff repair, adhesive capsulitis, and treat-
ment of proximal humerus fractures [26–32]. It 
has not been validated for other shoulder condi-
tions. The Constant-Murley score has been used 
to assess many shoulder-specific conditions for 
which it has not been strictly validated. However, 
it is currently the most reported outcome score 
for shoulder-related pathology in the literature 
[11]. The 100-point scale consists of three 
domains: pain, range of motion, and ADLs. The 
MCID of the score is version-dependent. The 
Constant-Murley score has been modified many 
times since its introduction [24, 25].

 American Shoulder and Elbow 
Surgeons (ASES) Score
The ASES score was developed in 1994 by the 
American Shoulder and Elbow Surgeons [33]. 
It is one of the most common shoulder-related 
PROMs [11]. The questionnaire consists of a 
physician-determined domain and a self- 
assessment domain. The self-assessment por-
tion comprises three domains: pain, instability, 
and ADLs. Pain and instability are rated on a 
5-point ordinal scale. ADLs comprise ten ques-
tions and are rated on a 4-point ordinal scale. 
This score is  converted to a 100-point scale 
[34–36]. The MCIDs are 12–17 points for rota-
tor cuff pathology, 10 points for open or 
arthroscopic Bankart repair, and 6.4 points for 
instability.
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 University of California Los Angeles 
(UCLA) Shoulder Score
The UCLA Shoulder Score was first described in 
1981. It was one of the first PROMs for the shoul-
der and, similarly to the Constant-Murley score, 
it was not validated at first introduction [37]. It 
was designed for use in shoulder arthroplasty and 
later used for other shoulder conditions. The 
UCLA Shoulder Score contains five domains: 
pain, function, forward flexion, forward flexion 
strength, and overall satisfaction. The maximum 
score is 35 points. Comparison studies with other 
shoulder PROMs have reported low consistency 
with the UCLA Shoulder Score [37].

 Simple Shoulder Test (SST)
The SST is a questionnaire composed of 12 yes/
no questions about pain and function of the 
shoulder. The questionnaire did not originally 
include a scoring method. A later study estab-
lished a scoring method for the SST in which 
“yes” responses are 1 point and “no” responses 
are 0 points. The score is summed to a maximum 
of 12 points. The SST has shown to be valid, reli-
able, and responsive. It correlates moderately 
with other shoulder PROMs [15, 38].

 Single Assessment Numeric  
Evaluation (SANE)
The SANE was designed as a simple, 1-ques-
tion assessment tool. The score is the answer to 
the question, “How would you rate your shoul-
der today as a percentage of normal (0% to 
100% scale, with 100% being normal)?” It has 
not undergone formal psychometric validation. 
One study showed that it correlated well with 
ASES and SST scores for Bankart repair sur-
gery. It has gained popularity because of its 
ease of administration and data collection, but 
it needs further study to be used as a stand-
alone PROM and may not be appropriate for 
use in all scenarios [39].

 Oxford Shoulder Score
The Oxford Shoulder Score was developed at 
Oxford University in 1996. The questionnaire 
was designed to assess patient outcomes after 

surgery (with the exception of surgery for insta-
bility, for which a separate measure was devel-
oped) [40]. It consists of 12 questions graded on 
a 5-point ordinal scale. Each question is weighted 
differently so that the maximum score is 48 
points. The questionnaire has moderate validity 
and high reliability. No MCID has been deter-
mined [15, 41].

 Disease-Specific Outcome Measures

 Western Ontario Osteoarthritis 
of the Shoulder (WOOS) Index
The WOOS Index was developed by the 
University of Western Ontario in 2001 as a pri-
mary PROM for clinical trials. This PROM is 
specific only to patients with symptomatic pri-
mary osteoarthritis of the shoulder. The WOOS 
Index is a 19-item questionnaire that includes 
four domains: sport, recreation, and work; pain; 
lifestyle function; and emotional function. Each 
item uses a 100-mm VAS. The VAS scores from 
each question are summed to a final score rang-
ing from 0 to 1900 points, with a higher raw score 
equating with worse function. The score can also 
be presented as a percentage of the maximum 
score, with a higher score representing better 
function for simpler interpretation. The MCID 
has not been established [42].

 Western Ontario Rotator Cuff (WORC) 
Index
The WORC Index was developed in 2003 as a 
PROM specific to primary rotator cuff tears. It 
assesses five domains: pain and physical symp-
toms, sports and recreation, work function, social 
function, and emotional function. It consists of 
21 questions using a 100-mm VAS. The VAS 
scores from all questions are summed to produce 
a final score ranging from 0 to 2100, with a higher 
raw score representing worse function. The score 
can also be presented as a  percentage of the max-
imum score, with a higher score representing bet-
ter function for simpler interpretation [43]. The 
MCID for the questionnaire is 245 points (or 
11.7% of the total score).

6 Assessing Outcomes
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 Western Ontario Shoulder Instability 
Index (WOSI)
The WOSI was developed in 1998 as a PROM 
specific to shoulder instability. The WOSI con-
sists of five domains: physical symptoms, work, 
ADLs, emotions, and sport and recreation. It 
includes 21 questions using a 100-mm VAS. The 
VAS scores from all questions are summed to 
produce a final score ranging from 0 to 2100. 
The score can also be presented as a percentage 
of the maximum score, with a higher score rep-
resenting better function for simpler interpreta-
tion [43]. The MCID is 225 points (or 11% of 
total score).

 Rotator Cuff Quality-Of-Life Score
The Rotator Cuff Quality-of-Life score was 
developed in 2000 as a rotator cuff pathology–
specific PROM [44]. It assesses five domains: 
symptoms and physical issues, sport and recre-
ation, work, ADLs, and social and emotional 
issues. It is scored on a 100-point scale, with 
higher number representing better function. The 
MCID has not been defined [45].

Questions
What are the measures of validity for accurate use 
of any patient-reported outcome measures?
 A. Construct validity
 B. Test-retest reliability
 C. Availability
 D. Cost
 E. Responsiveness
 F. A & B & D
 G. A & B & E
 H. All the above

Disabilities of the Arm, Shoulder, and Hand 
(DASH) Score
 A. Has two domains and the score for a com-

pletely normal patient is 0
 B. Has three domains and the score for a com-

pletely normal patient is 0
 C. Has two domains and the score for a com-

pletely normal patient is 100
 D. Has three domains and the score for a com-

pletely normal patient is 100

What are the most commonly used scores in the 
orthopedic community for shoulder assessment?
 A. DASH, ASES, UCLA Shoulder Score
 B. DASH, SF-36, Oxford Shoulder Score
 C. SANE, Oxford Shoulder Score, UCLA 

Shoulder Score
 D. SST, ASES, Oxford Shoulder Score
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Three-Dimensional Visualization 
in Clinical Shoulder Practice

Young Lae Moon

 Introduction

Recent advances in medical imaging have enabled 
the use of surgical simulations for diagnosis,  surgery 
planning, and education purposes. Improved and 
enhanced medical imaging techniques allow high-
definition imaging and three- dimensional (3D) 
visualization, thus leading to a better understanding 
of surgical and educational needs.

There has been long-standing interest in 
developing techniques for 3D medical imaging. 
During the past decade, several commercial solu-
tions have been offered for 3D visualization. As a 
result, we are witnessing the development of 
next-generation medical instruments that utilize 
3D imaging technology.

Physicians performing medical interventions 
have been reluctant to accept this novel emerging 
technology. However, patients may actually 
 benefit from using cutting-edge sophisticated 

 technology. One technique that is widely used in 
next-generation imaging devices is modeling- 
assisted 3D imaging of anatomical structures.

Computer-aided design (CAD)-based model-
ing has recently been subject to significant tech-
nological improvement [1]. These modeling 
techniques are becoming increasingly popular in 
the field of medical modeling, because medical 
applications necessitate relatively detailed and 
reliable modeling as well as processing massive 
medical data.

The data for modeling anatomical structures 
are collected using computerized tomography 
(CT), magnetic resonance imaging (MRI), and 
optical microscopy, to name a few. The acquired 
images are analyzed for deducing the human 
articular structure and kinetics as well as for sim-
ulating and designing structures such as artificial 
joints. Technologies such as CAD, computer- 
aided manufacturing (CAM), rapid prototyping 
(RP), and solid freeform fabrication (SFF) are 
used for designing artificial structures.

The human field of view is stereoscopic. 
Therefore, given the acquired two-dimensional 
(2D) images, it is necessary to perform stereo-
scopic reconstruction mimicking a surgeon’s 
field of view. 3D imaging has been proposed to 
alleviate the need for such stereoscopic recon-
struction. By enhancing 3D visualization, 3D 
imaging can significantly shorten the time 
required for surgeons to make correct decisions 
in complex situations.
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Using 3D imaging data it has become possible 
to simulate a variety of medical procedures and 
scenarios, such as virtual endoscopy, surgical 
planning, and real-time interaction. This article 
describes the principles and recent applications 
of state-of-the-art shoulder imaging techniques, 
with a special focus on medical 3D reconstruc-
tion techniques.

 Segmentation

3D models of human body organs can be gener-
ated by 3D reconstruction of serial sectional 
images of these organs, acquired using CT and 
MRI [2].

Tomography refers to continuous imaging of 
structures separated by a 1–3 mm gap. The CT 
and MRI techniques differ in some aspects. The 
apparatus of CT involves the device for produc-
ing X-rays that is connected to a computer. CT 
amounts to irradiating the body parts of interest 
using highly specialized X-rays for obtaining 
segmented images of different body tissues. As 
the projected X-rays exit the body, the computer 
evaluates the amount of X-ray radiation absorbed 
by the body. Since different body organs (e.g., 
bone, muscle, and liver) have different densities, 
the projected X-rays will be absorbed by  different 
organs depending on the organ density, and com-
puter software will account for these differences 

when generating images. On the other hand, MRI 
addresses the magnetic property of the analyzed 
substance and images are calculated based on the 
difference between magnetic properties of differ-
ent body tissues. In addition, MRI is more advan-
tageous than CT owing to its higher resolution.

The two imaging technologies have their 
unique strengths and weaknesses. In the case of 
CT, bone is clearly identifiable; therefore, bone- 
or joint-related abnormalities can be addressed. 
In the case of MRI, cartilage, muscle, and nerves 
are clearly identifiable, as well as the bone, mak-
ing MRI more effective (Fig. 7.1) [3, 4]. 
Considering these characteristics of the two tech-
niques, in practice a combination of CT and MRI 
is often used [5–7].

After acquiring serial 2D images, the area of 
interest in these 2D images should be segmented. 
In the image segmentation procedure, an image 
is divided into homogeneous structures of the 
same region or similar nature by defining the 
boundaries of transitional edges. To generate 3D 
images, an outline of structures captured by 2D 
images needs to be provided. This process is 
known as ‘segmentation’ [8]. Several methods 
have been developed for achieving precise seg-
mentation; these methods include thresholding, 
region growing, dynamic region growing, 3D 
livewire, morphology operation, Boolean opera-
tion, edit masks, multiple edit masks, and 3D 
edit masks.

a b

Fig. 7.1 Comparison of (a) CT and (b) MR images of the thoracic region. In the CT image, bones and airways are 
clearly seen. In the MR image, the boundaries of muscles and organs are more clearly seen compared with the CT image
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3D models are generated by stacking serial 2D 
images; therefore, segmentation is performed on 
a collection of consecutive 2D images. Usually, 
segmentation is performed on horizontal-plane 
images; however, in some cases segmentation is 
performed on coronal- or sagittal-plane images 
that are obtained by stacking horizontal-plane 
images and then cutting in the coronal or sagittal 
plane (Fig. 7.2).

When MRI is used for segmentation of 
images, e.g., for 3D imaging of the subscapularis 
muscle, axial-, coronal-, and sagittal-plane 2D 
images of the subscapularis muscle outline are 
marked for segmentation (Fig. 7.3).

Segmentation in medical imaging is generally 
considered a challenging problem, because many 
structures have similar densities with respect to 
imaging. In addition, sampling artifacts, noise, 
and low contrast may blur the contours of 

 anatomical structures. To address this problem, a 
variety of algorithms have been developed for 
automating the process of segmentation, includ-
ing edge detection, region growing, thresholding, 
morphological operation, watershed segmenta-
tion, edit mask, and manual operation (Fig. 7.4) 
[9, 10]. Owing to the nature of the problem of seg-
mentation, most of these algorithms are specific 
to a particular problem and thus are not generaliz-
able to other problems. However, some anatomi-
cal structures, such as some fine muscles and 
ligaments, cannot be segmented automatically, 
because the contours of neighboring  structures 
are not clearly identifiable in 2D images [11].

Commercial software for medical imaging 
provides high-quality segmentation [12–14]. 
Commercial software packages are equipped with 
many functions for performing optimal segmenta-
tion, including semiautomatic segmentation.

a

b c d

Fig. 7.2 Segmentation of the humerus for the CT image in Fig. 7.1. (a) The humerus is serially segmented into hori-
zontal-plane images. (b) Axial-plane images. (c) Coronal-plane images. (d) sagittal-plane images
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Fig. 7.3 Green: schematic of the surface of the subscapu-
laris muscle border in a transverse section. Green-colored 
schematic surface of the subscapularis muscle in the 

transverse section can be seen here. Drawing the outline 
of the subscapularis muscle in the transverse section

a

c

b

Fig. 7.4 Image segmentation. (a) The original image. (b) Detection of edges. (c) The image morphology

Y.L. Moon



81

 3D Reconstruction

A 3D model with laminating 2D slices can be 
rendered in two ways, depending on the region of 
interest (ROI): (1) surface rendering, which visu-
alizes only the surface of the imaged structure 
and (2) volume rendering, which allows visual-
izing the inner compartments (Fig. 7.5) [2].

3D models are generated by stacking serial 
segmented images. Volume 3D models are gener-

ated as follows: the segmented images are simul-
taneously expanded onto the next set of images 
for building several small-volume models, 
referred to as the volume reconstruction. Next, all 
small-volume models are combined to yield a 
full-scale 3D model. A surface model is extracted 
from this full-scale 3D model, and the resulting 
surface model is referred to as the surface recon-
struction (Fig. 7.6) [15]. Usually, the volume and 
surface reconstructions are performed using the 

a

b

Fig. 7.5 Surface and volume reconstructions. (a) Surface reconstruction, with outer surface visualization. (b) Volume 
reconstruction, with inner and outer visualization

a b c

Fig. 7.6 The 3D reconstruction procedure. (a) A stack of images. (b) Several 3D small-volume models built from the 
images in (a). (c) A 3D model of the bone surface extracted from the 3D small-volume models in (b)
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same reconstruction software. The resulting sur-
face model consists of the original stacked con-
tours and numerous triangular surfaces between 
the contours [16].

Such 3D reconstruction can be performed 
using specialized medical software or in-house 
software [17], but in some cases, non-specialized 
software may be used for surface reconstruction, 
not requiring specific programming implementa-
tion (Fig. 7.7) [18–20].

Volume and surface 3D models require differ-
ent file formats that depend on the utilized soft-
ware, making data exchange difficult. Therefore, 
a surface model, comprised of stacked contours 
and polygons between the contours, should be 
converted to the drawing exchange format (DXF) 
or a different popular format. In some cases, 3D 
models are converted to a non-uniform rational 
B-spline (NURBS) surface.

As described above, subscapularis images can 
be segmented using 3D reconstruction software, 
to obtain a 3D reconstruction (Fig. 7.8).

 3D Texture Mapping

Both CT and MRI generate grayscale images; 
however, each anatomical structure has its own 
coloration that is dictated by its composition. 
Therefore, 3D texture mapping is used to generate 
3D models with realistic coloration. The  technique 
of 3D texture mapping involves coating 3D mod-
els with realistic organ textures (Fig. 7.9). Today, 
realistic textures of different organs can be 
acquired from cadavers or surgery rooms. Such 
3D texturing yields more realistic models [17, 
21]. This technique enhances visualization of rel-
atively fine details of organs/structures.

 Kinematic Imaging

In the field of human body modeling, rigging and 
animation are popular techniques for simulating 
motion in 3D. These techniques are also impor-
tant for acquiring 2D medical images, surgery 
planning, and simulations [22].

3D imaging-based models are used in Finite 
Element Analysis (FEA), implant design, and RP 

Fig. 7.7 A 3D model of a humerus. After volume recon-
struction, the surface was extracted using commercial 
reconstruction software

Fig. 7.8 A 3D reconstruction of the subscapularis muscle in Fig. 7.3
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fabrication. These procedures involve cutting 
specific areas, fitting the matter properties to the 
model, and moving the model. These models are 
used in computer-assisted surgery, surgery plan-
ning, and diagnosis.

Shoulder kinematics can be studied using CT 
or MRI of various shoulder positions. Information 
about the shoulder spatial relationships and 
moment arms is necessary for virtual shoulder sur-
geries. This kinematic information can be acquired 
using measurements from 3D reconstructed shoul-
der models and CAD software [23–25].

In addition to CT and MRI, electromagnetic 
devices for capturing 3D motion are also used for 
detecting shoulder movements [26, 27]. Four- 
dimensional (4D) CT is also used, providing 
adequate and novel assessment of biomechanics, 
both before and after surgical repair [28]. 4D 
kinematic MRI datasets allow us to view an ana-
tomical structure from any viewing perspective 
in real time [29].

The scapula moves as follows [30]. As the 
scapula is protracted or retracted, its internal side 
slides over the thoracic cage. During this motion, 
the sternoclavicular joint becomes the axis of 
rotation. This mechanism allows, e.g., to hold a 
book using both scapulae. If the scapulae are 
elevated or depressed, the humerus and the clavi-
cle, the bones that connect to the scapulae, will 
be elevated or depressed as well. This type of 
motion occurs when the shoulder moves up and 
down. During this motion, the scapula makes a 
dangerous joint; the scapula-sternoclavicular 
joint connecting to the thoracic cage. The scapula 
will not move until the humerus turns by 90°. 

However, when the humerus turns by more than 
90°, the humerus will touch the coracoid process 
of the scapula, forcing the scapula to slide and 
move together with the humerus. At this stage, an 
accurate description of the extent by which the 
scapulae and the clavicles are twisted is required 
for producing realistic movement.

 Surgical Simulations

In the twenty-first century, developments in the 
field of 3D medical imaging resulted in cutting- 
edge technologies such as virtual endoscopes and 
surgical simulations, opening new vistas [31]. 
Specifically, these developments suggest a pos-
sibility to use high-speed communication net-
works in a variety of interesting applications. In 
many medical applications, simulating the treat-
ment plan prior to performing the actual treat-
ment has become an acceptable practice.

Interactive virtual reality-based simulations 
require several components, such as a virtual cam-
era, a surgical equipment model, a reference patient 
model, and texturing and rendering (Fig. 7.10) 
[32]. Each component must have the same display 
and material properties as its real analogue. For 
example, in the case of a camera, for displaying a 
screen similar to the one that is used during actual 
surgeries, the virtual camera should have the same 
optical angle as a real endoscope view (Fig. 7.11).

A controller is required for the user to be able 
to execute penetration and cutting procedures on a 
3D human body model. Controller devices such 
as the mouse, joystick, haptic devices, and blue 

a b c

Fig. 7.9 Texture mapping. (a) A 3D model of a surface before texture mapping. (b) Texture source and mapping coor-
dinates. (c) The 3D model of the same surface after texture mapping
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tooth systems are often used. Arthroscopy simula-
tors are often designed using these principles and 
components. Although instruments and 3D human 

body models based on real models are used, the 
performance significantly differs from that of real 
arthroscopic intervention. This difference arises 

Fig. 7.10 A collection of modeled tools

Fig. 7.11 The process of surgery, showing inside of the shoulder joint by virtual endoscopy
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because real arthroscopy magnifies distorted 
images tenfold to retain the optic angle over 120°, 
compared with arthroscopy simulators that do not 
achieve such magnification.

Soft tissues often possess elaborate nonlinear 
material characteristics that make these tissues 
soft and compliant to small strains. Therefore, to 
capture these material characteristics, constraint- 
based finite-element algorithms are used for effi-
ciently simulating nonlinear incompliant materials 
for interactive simulation applications [33].

Surgeries that use computer navigation can 
minimize problems that are likely to occur during 
surgeries, and can help increase the surgery accu-
racy. After the information about a patient is sup-
plied to the navigation device, a computer uses 
this information and provides the surgeon with 
real-time information required for the surgery. A 
surgeon can perform a more accurate surgery 
because the surgeon can utilize this real-time feed-
back to determine the progress of the surgery.

When a patient needs total shoulder arthro-
plasty, the symptoms and the indication are the 
same, whether or not the surgeon plans to use a 
navigation device. For experienced surgeons, 
navigation is not necessary. However, total shoul-
der arthroplasty with fracture or total shoulder 
arthroplasty revision surgery can present with 
abnormal anatomical findings. In these cases, 
navigation can be of use to experienced surgeons, 
because even they can be confused during this 
type of surgery [34].

The principle of navigation is as follows. A 
3D digital mock-up is obtained based on the CT 
images of a patient. After that, a prosthesis mock-
 up, equipped with navigation, is adjusted accord-
ing to the acquired images. A virtual mock-up is 
thus obtained. Then, the obtained virtual mock-
 up is used for simulating the process of surgery 
before the actual surgery, and is used for analyz-
ing the patient’s status in real time during a real 
surgery [35].

A surgery that uses computer navigation pro-
ceeds as follows. First, the patient’s shoulder 
joint is exposed and an optical marker is attached 
to the upper part of the humerus. At the lower part 
of the humerus dotting is performed for naviga-
tion, for recognizing the entire bone shape. The 
marker is also applied to the scapula. In the gle-

noid cavity, a tunnel is drilled at the center. After 
that, the tunnel is dilated and penetrated to insert 
a temporary instrument using cement. During 
this procedure, navigation identifies whether the 
dilator dilates and penetrates properly as planned 
before the surgery, using the dilator with the 
marker attached. Usually, the marker is not 
attached to the instrument when inserting the 
instrument into the dilated tunnel. After the 
instrument is inserted, proper joint stability is 
ensured before inserting the final implant. The 
surgery is completed after the implant is inserted 
and the wound is closed.

The use of navigation in total shoulder arthro-
plasty is advantageous owing to the higher accu-
racy of surgery that is achieved by providing 
real-time intraoperative information regarding 
the anatomical position. However, an additional 
incision is required for using a fixation pin, and 
a fracture can be created on the pinned side when 
fixating the pin. This procedure becomes espe-
cially undesirable if a natural infection or an 
active infection exists around the artificial joint. 
In addition, the time spending and cost associ-
ated with these surgeries are to expansive, and 
surgeons performing this surgery with the com-
puter aided training system. Furthermore, 
computer- related errors and navigation errors 
due to tracker loosening can occur. Therefore, 
additional research and longitudinal studies are 
needed for determining the correlation between 
the clinical outcomes and errors. On the other 
hand, automated navigation can be advantageous 
or disadvantageous, depending on the user, as 
demonstrated by the example of automated car 
navigation. Finally, computer-assisted surgery is 
likely to becoming one of the standard tool in the 
future medical practice.

 3D Printing

Broadly defined, 3D printing is a technology for 
fabricating 3D objects by stacking evenly spaced 
slices of a source object [1]. This technology 
is used for creating realistic objects. Medical 
 applications can be easily envisioned, e.g., 3D 
printing of body parts, medical instruments, 
and surgery tools. Today, customized medical 

7 Three-Dimensional Visualization in Clinical Shoulder Practice



86

 instruments, reflecting the individual patient 
needs and  characteristics, can be fabricated using 
3D printing, while mass production can hardly 
meet these needs. Patients differ in their injuries, 
their needs for replacement body parts, and their 
disability and diseases. Therefore, it is difficult if 
not impossible to practically meet these individ-
ual needs using the existing manufacturing sys-
tems for mass production. By utilizing 3D 
printing, customized treatments can become 
more economical and easier to achieve.

A concept similar to that of 3D printing is 
computer numerical control (CNC), with 3D 
printing being a CNC-category application. CNC 
utilizes shaving down to create a model; on the 
other hand, in 3D printing a model is created by 
stacking up slices. Thus, the difference between 
these two methods is that 3D printing does not 
require additional tools and is advantageous for 
creating inner shapes in spaces that might be 
inaccessible to tools.

Many methods have been developed for 3D 
printing. On a large scale, extrusion, wire, granular, 
laminate, and light polymerizing are used. On a 
smaller scale, fused filament fabrication (FFF), 
fused deposition modeling (FDM), plastic jet print-
ing (PJP), and smooth curvature printing (SCP) are 
used. Wire techniques include electron beam free-
form fabrication (EBF3). Granular techniques 
include direct metal laser sintering (DMLS), laser-
aided direct metal tooling (DMT), electron beam 
melting (EBM), selective heat sintering (SHS), 
selective laser sintering (SLS), color jet printing 
(CJP), and plaster-based 3D printing (PP). 
Laminate techniques include laminated object 
manufacturing (LOM). Light polymerized tech-
niques include stereolithography apparatus (SLA), 
digital light processing (DLP), photopolymer jet-
ting (Polyjet), and multi jet modeling (MJM) [1].

In today’s medical market, extrusion is the 
most widely used technique. This technique can 
be easily explained as a syringe and glue gun. In 
this technique, the same material is melted and 
extruded at the same point and by the same 
amount for gradually stacking, to obtain a model. 
In each step of this process, an extruder accepts a 
certain amount of material, melts it, and then 
extrudes it. The extruded material stacks to obtain 

a model. In addition, material can be extended in 
various ways, and the thicknesses of individual 
layers can be controlled. The granular method 
uses a larger beam to partially melt the powder 
that is evenly spread. Using this method, it is pos-
sible to create more detailed models (compared 
with those created using the extrusion method); 
however, the associated cost is much higher.

Medical instruments are fabricated using 3D 
printing with an important advantage of meeting 
specific patients’ needs. For example, using 3D 
printing it is in principle possible to fabricate cus-
tomized implants for total shoulder arthroplasty. 
With improving material properties, these appli-
cations are likely to extend to additional organs/
body parts.

 Conclusion

Advances in CT, MRI, and other imaging 
modalities have led to new applications and 
possibilities in the field of shoulder imaging. 
Among these, 3D imaging bears the promise to 
become very useful in clinical and basic 
research fields. This technology can help the 
clinician to more effectively and faster detect 
the pathology and reach the optimal decision. 
In addition, 3D imaging opens new vistas for 
advanced medical applications, and thus is 
likely to become a powerful instrument for cli-
nicians and students alike.

Questions
In the process of Volume 3D models generation 
please place the steps in the correct order
 A. Extraction of a surface model (surface 

reconstruction)
 B. The segmented images are simultaneously 

expanded onto the next set of images
 C. Small-volume models are combined to yield 

a full-scale 3D model
 D. Building several small-volume models (vol-

ume reconstruction).

Four-dimensional (4D) CT is a valuable tool for:
 A. Providing adequate and novel assessment of 

biomechanics
 B. Providing a more accurate imaging than 3D 

models
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 C. Detecting abnormalities not seen with 3D 
reconstruction

 D. All the above

All the following statements for 3D printing are 
correct except:
 A. Extrusion is the most widely used technique
 B. On a large scale, extrusion, granular, plastic 

jet printing, and light polymerizing are used
 C. The associated cost is extremely high
 D. The granular method creates more detailed 

models compared to the extrusion method
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Clavicle Fractures

Filippo Familiari, Gazi Huri, Olimpio Galasso, 
Giorgio Gasparini, and Mahmut Nedim Doral

The clavicle is one of the most commonly 
 fractured bones. It accounts for 2.6–4% of all 
adult fractures and approximately 35% of injuries 
to the shoulder girdle [1]. Fractures can involve 
the midshaft (approximately 70%), lateral-end 
(28%), and/or medial-end (2–3%) of the clavicle 
and are typically caused by a fall on an out-
stretched arm or by a direct blow on the shoulder. 
Midshaft fractures occur most frequently in young 
and active adults, whereas lateral and medial frac-
tures are more frequent in elderly patients [2].

In children, clavicle fractures account for 
10–15% of all fractures. Fractures involving the 
midshaft are most common (approximately 90%) 
and most clavicle fractures in childhood can be 
treated conservatively because of their excellent 
remodeling capabilities [3].

 Anatomy

The clavicle is the sole bone structure connecting 
the trunk to the shoulder and arm, and it is the 
only bone of the shoulder girdle that forms a 

synovial joint with the trunk [4]. The superior 
aspect of the clavicle is subcutaneous over its 
course, with only the thin platysma providing 
muscular coverage to the inner two thirds of the 
bone. The supraclavicular nerves, which provide 
sensation to skin in that area, are located just 
deep to the platysma muscle layer. The clavicle 
appears almost straight when viewed from the 
front; however, when viewed from above, the 
clavicle appears as an S-shaped double curve that 
is concave ventrally in the outer half and convex 
ventrally in the medial half. The cross section of 
the clavicle differs in shape along its length: it is 
flat along the outer third and prismatic along the 
inner third. The flat part is most compatible with 
pull from muscles and ligaments, whereas the 
tubular part is consistent with axial pressure or 
pull. The junction between the two cross sections 
is a weak spot particularly with axial loading [4], 
and it may be one of the reasons why fractures 
occur so commonly at the middle third.

The clavicle articulates with the sternum 
through the sternoclavicular (SC) joint, which 
has little articular contact but strong ligamentous 
attachments. The medial-end of the clavicle is 
firmly attached against the first rib by the intra- 
articular SC joint cartilage, the oblique fibers of 
the costoclavicular ligaments, and the subclavius 
muscle, as described by De Palma [5]. The scap-
ula and clavicle are bound securely by both the 
AC and coracoclavicular (CC) ligaments [6]. The 
tubular part of the clavicle offers protection for 
the important neurovascular structures that pass 
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beneath the medial third of the clavicle. The 
space between the clavicle and the first rib has 
been called the costoclavicular space. The bra-
chial plexus, when crosses beneath the clavicle, 
consists of three main cords (Fig. 8.1). Of these, 
two are anterior: the lateral cord originates from 
the 5th, 6th, and 7th cervical roots and forms the 
musculocutaneous nerve and a branch of the 
median nerve; the medial cord originates from 
the 8ht cervical and 1st thoracic roots and forms 
another branch of the median nerve, the ulnar 
nerve, and the medial cutaneous nerve of the 
forearm. The posterior cord of the plexus origi-
nates from C5 to T1 roots and forms the axillary 
and radial nerves. The internal jugular is adjacent 
to the SC joint and the subclavian vessels are in 
proximity to the medial third of the clavicle. 
Consequently, vessels (especially the subclavian 
and axillary vessels) and nerves (especially the 
ulnar nerve) are potentially subject to injury, 
pressure, or irritation [7]. The clavicle also 
appears to be unique as a long bone because it has 
only a periosteal blood supply and no intramed-
ullary or nutrient arterial blood supply.

The clavicle acts as a bony framework for 
muscle origin and insertion. The trapezius mus-
cle inserts into the posterior border of the lateral 
third of the clavicle, while the deltoid muscle 
originates from the anterior border of the lateral 
third of the clavicle. The clavicular head of the 

sternocleidomastoid muscle originates from the 
superior surface of medial third of the clavicle. 
The clavicular head of the pectoralis major mus-
cle originates from the anterior edge of the clavi-
cle. The subclavius muscle after arising from the 
first rib anteriorly at the costochondral junction, 
it proceeds obliquely and posteriorly into a 
groove on the undersurface of the clavicle into 
the middle of the posterior surface of clavicle. It 
extends in both later and medial parts of 
clavicle.

 Epidemiology

The annual incidence of clavicular fractures is 
estimated to be between 29 and 64 per 100,000 
population per year [1, 8, 9]. The first, largest 
peak incidence is in males <30 years of age; these 
fractures tend to be of the shaft, sustained when a 
direct force is applied during sports activity [10]. 
The second, smaller peak of incidence occurs in 
elderly patients (>80 years of age), with a slight 
female predominance [2]. These fractures tend to 
be lateral and medial-end of the clavicle and 
related to osteoporosis, sustained during low- 
energy trauma, often in the domestic environ-
ment. Most shaft fractures are displaced, whereas 
the majority of lateral-end fractures are undis-
placed [1].

Fig. 8.1 Schematic 
representation of the 
brachial plexus and its 
relations to the clavicle. 
Courtesy of Marco De 
Gori, MD
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 Classification

Allman [11] proposed a classification based on 
the anatomic location of the fracture (group I, 
fractures of the middle third; group II, fractures of 
the lateral third; group III, fractures of the medial 
third). Neer [12] classified fractures of the lateral 
third of the clavicle according to whether they 
were undisplaced (type I) or displaced (type II). 
Displaced lateral-end fractures were then subclas-
sified according to the integrity of the coronoid 
and trapezoid ligaments: type-IIA, the ligaments 
remain intact; type-IIB, the CC ligaments are par-
tially or completely detached [12]. Craig then fur-
ther modified Neer type II lateral clavicle fractures 
to differentiate between ligamentous injury pat-
terns in the lateral third and include intra-articular 
and paediatric fractures [13].

The Edinburgh classification has been 
 proposed by Robinson and it has been used to 

subclassify shaft fractures according to dis-
placement and degree of comminution [1] 
(Fig. 8.2). Anatomically, fractures are divided 
into medial (type I), middle (type II), and lat-
eral (type III) thirds. Each of these types is then 
subdivided based on fracture displacement: 
fracture displacement of <100% characterizes 
subgroup A, whereas fractures displaced by 
>100% account for subgroup B. Type I (medial) 
and type III (lateral) fractures are further 
 subdivided based on articular involvement: 
subgroup 1, no articular involvement; subgroup 
2, inter-articular extension. Moreover, type II 
(middle) fractures are subcategorized by the 
degree of fracture comminution: subgroup 1, 
simple or wedge-type fractures; subgroup 2, 
comminuted or segmental fractures. This clas-
sification system has been shown to have 
acceptable levels of interobserver and intraob-
server variation.

1A1

1A2

1B1

1B2

2A1

2A2

2B1 simple

2B1 wedge

2B2 isolated

2B2 comminuted

3A1

3A2

3B1

3B1

3B2

3B2

Fig. 8.2 The Edinburgh classification of clavicle fractures. (adapted from: Robinson CM. Fractures of the clavicle in 
the adult. Epidemiology and classification. J Bone Joint Surg Br. 1998;80:477)
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 Clinical and Radiographic 
Assessment

A detailed history should be obtained, focusing on 
standard demographic information and the mecha-
nism of injury. A clavicle fracture which results 
from a simple fall is unlikely to be associated with 
other significant injuries. However, fractures 
occurring in the context of a high- energy trauma 
should prompt a thorough search for concomitant 
injuries. Posterior displacement of a medial-end 
fracture can cause compression of the  mediastinum 
and major vessels, requiring urgent operative 
intervention, but this is very rare [14–16]. The 
majority of fractures result from direct force to the 
point of the shoulder, although fractures can also 
result from a traction injury [17]. If the clavicle 
fractures with minimal force, the possibility of 
pathologic fractures secondary to metabolic pro-
cesses and tumours must be considered.

Clavicular fractures typically produce an 
obvious painful deformity, with tenderness local-
ized over the site of the fracture (Fig. 8.3). There 
is often downward displacement of the lateral 
fragment under the weight of the shoulder and 
elevation of the medial fragment from the unop-
posed pull of the sternocleidomastoid muscle 
[13]. A droopy, shortened, and medially-driven 
shoulder has been described as shoulder “ptosis” 
[1, 18]. With severely angulated or comminuted 
fractures, fragments may “button-hole” subcuta-
neously through the platysma muscle. Despite 
the superficial position of the clavicle, open frac-
tures producing skin necrosis are uncommon [1].

A thorough physical examination should be 
performed to exclude co-existing injuries, partic-
ularly as a result of high-energy trauma. Because 
the clavicle is in close proximity to the brachial 
plexus and subclavian vessels, associated neuro-
vascular injury may occur (3%) [2]. The risk of 
neurovascular injury increases with high-energy 
trauma and marked fracture displacement or com-
minution. A blood pressure discrepancy between 
the two upper extremities is suggestive of vascular 
injury. Duplex scanning or arteriography should 
be undertaken if the diagnosis is suspected.

The radiographic diagnosis is usually made on 
the basis of a single anteroposterior (AP) view. A 

a

c

b

Fig. 8.3 (a) Clinical photograph of a displaced left distal 
clavicle fracture in a 21-year-old woman who fell onto her 
left shoulder. (b) Preoperative AP radiograph demonstrating 
fracture displacement with no residual cortical contact 
between the bone ends. (c) AP radiograph obtained 3 months 
postoperatively (the patient was treated with a distal radius 
2.4-mm locking plate and simultaneous coracoclavicular 
stabilization using suture) demonstrating fracture healing. 
(Reprinted with permission from Banerjee R, Waterman B, 
Padalecki J, Robertson W. Management of distal clavicle 
fractures. J Am Acad Orthop Surg. 2011;19(7):392–401)
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true AP view of the clavicle and a 30° cephalic tilt 
view should be obtained to allow biplanar assess-
ment of the bony deformity. Computed tomography 
with three-dimensional reconstructions may be 
helpful in special situations, such as the evaluation of 
medial clavicular physeal fractures or SC fracture-
dislocations. Stress radiographs are occasionally 
used to assess the integrity of the CC ligaments in 
association with lateral-end fractures [19]. A careful 
clinical and radiographic survey is also needed to 
exclude an associated chest injury, such as a pneu-
mothorax or hemothorax [20], which occurs in 3% 
of patients and is almost always associated with 
multiple ipsilateral rib fractures. Evidence of an ipsi-
lateral shoulder injury should also be specifically 
sought on the initial trauma series radiographs.

 Treatment

 Mid-Shaft Fractures

There is general agreement that undisplaced frac-
tures should be treated nonoperatively. Fractures 
of the middle third of the clavicle usually proceed 
to bony union uneventfully without the need for 
surgery. Studies have reported that significant 
risk factors for nonunion include older age, 
female sex, fracture displacement (with shorten-
ing of 2 cm or more), and fracture comminution 
[21]. In most studies, the rate of nonunion when 
patients were treated nonoperatively has been 
<1% [19, 22–25]. However, these studies 
included fractures in children, which nearly 
always unite. The standard of care is initial 
immobilization in either a sling or figure-of-8 
bandage, with immobilization discontinued when 
the level of pain allows. More recent studies have 
demonstrated higher rates of nonunion and 
poorer functional outcomes after nonoperative 
treatment, while the results of primary operative 
reduction and fixation have improved consider-
ably [26–28]. Currently, there is considerable 
debate about whether acute displaced fractures 
should be treated operatively or nonoperatively.

Plate fixation provides immediate rigid stabi-
lization and pain relief and facilitates early 
mobilization. Most commonly, the plate is 

implanted on the superior aspect of the clavicle; 
biomechanical studies have shown this to be 
advantageous, especially in the presence of 
inferior cortical comminution [29]. Superior 
plating techniques have greater load to failure 
and bending failure stiffness than anterior-infe-
rior plating [30]. Despite the biomechanical 
advantages, the superior approach is associated 
with a greater risk of injury to the underlying 
neurovascular structures during fracture manip-
ulation and drilling. In addition, plate promi-
nence with the superior approach may require 
hardware removal in symptomatic patients. 
Currently, the implants most commonly used 
are either dynamic  compression or locking 
plates. Reconstruction plates have fallen into 
disfavor, since they are susceptible to deforma-
tion at the fracture site, leading to malunion. 
Site specific precontoured locking plates have 
become increasingly popular and may be less 
prominent after healing, leading to lower rates 
of hardware removal after union [29].

Intramedullary nailing is another option in the 
surgical treatment of clavicle fractures. 
Intramedullary repair of midshaft clavicle frac-
tures with a titanium elastic nail can be safe and 
minimally invasive [31]; however, implant related 
complications can include medial perforations, 
lateral penetrations, nail breakage, and hardware 
irritations, as described by Frigg et al. [32]. There 
is biomechanical evidence to suggest that plate 
fixation provides a stronger construct than intra-
medullary fixation [33]. A variety of devices, 
including Knowles pins, Hagie pins, Rockwood 
pins, and minimally invasive titanium nails, have 
been used [34]. Two methods of implant insertion 
have been described: antegrade, through an 
anteromedial entry point in the medial fragment, 
and retrograde, through a posterolateral entry 
portal in the lateral fragment [2]. More studies 
are needed to fully define the role of intramedul-
lary nail fixation in clavicular fractures.

 Lateral Third Fractures

According to Neer classification [12], nonsurgi-
cal management is the treatment of choice for 
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type I fractures, and the protocol is similar to that 
of shaft fractures. In type II fractures, deforming 
forces, such as the weight of the arm and muscu-
lar attachments, lead to inferior and medial dis-
placement of the distal fragment via its 
ligamentous attachments. These fracture patterns 
are associated with delayed union and nonunion. 
Type III fractures extend into the articular surface 
of the AC joint with no ligamentous injury and 
are generally stable. Although several retrospec-
tive studies have reported high rates of nonunion 
after nonsurgical treatment of displaced lateral- 
third fractures, a study showed a low incidence of 
nonunion after nonsurgical treatment, whereas 
high complication rates have been reported with 
surgical fixation [21, 35]. Because most of these 
injuries occur in middle-aged and elderly patients, 
nonunion is often tolerated, with few patients 
requiring delayed surgical intervention [21, 35]. 
In the small number of patients in whom substan-
tial arthritis of the AC joint develops, resection of 
the lateral segment may result in a functional 
shoulder [2]. Treatment options for type II frac-
tures include CC screws, hook-plate fixation, 
locking plates, Kirschner wire fixation, and 
suture techniques. Intra-articular fractures (type 
III) carry an increased risk of late AC osteoarthri-
tis, which may require further treatment. Type III 
fractures are generally adequately managed non-
surgically, although open reduction and internal 
fixation (ORIF) may be indicated if a large frag-
ment resulting in significant articular step-off is 
present.

 Medial Third Fractures

Medial third clavicle fractures are rare, and most 
are extra-articular and minimally displaced [1]. 
Stability depends on the integrity of the costocla-
vicular ligaments. If the ligaments are ruptured, 
the lateral fragment displaces anteriorly and may 
overlap the medial fragment. These fractures are 
usually managed nonsurgically, unless fracture 
displacement produces mediastinal compromise. 
In such circumstances, an emergent attempt at 

closed reduction should be made, with open 
reduction performed next if that is unsuccessful. 
If surgical stabilization of this fracture is required, 
a thoracic surgeon should be available. A variety 
of internal fixation techniques, including use of 
the modified Balser plate and use of polyester 
fiber suture or other strong braided interosseous 
sutures, have been described [36]. However, sup-
porting evidence is limited for each technique, 
and there is a lack of consensus regarding the 
optimal treatment of fractures that require surgi-
cal treatment.

 Complications

The main intraoperative complication in clavicu-
lar fracture fixation is injury to the subclavian 
artery or vein from drill penetration or at the time 
of fracture mobilization. As with any other failed 
osteosynthesis, postoperative wound complica-
tions, scar dysesthesia, infection, fixation failure, 
nonunion, and malunion may occur and eventu-
ally require revision surgery.

 Nonunion

Recent studies have suggested that adults suffer-
ing from a displaced fracture have a higher rate of 
nonunion (up to 15%) [1, 19, 21, 23, 24, 37–41]. 
The risk factors associated with nonunion include 
increasing age, female sex, fracture displace-
ment, and comminution [1, 21].

Shaft nonunions in active individuals are usu-
ally symptomatic, causing pain [24, 38, 42–44] 
and a clicking sensation during motion [24, 38]. 
Clinical and radiographic signs of nonunion 
include mobility or pain on stressing of the frac-
ture and an absence of bridging callus on radio-
graphs [21, 45]. CT scans may be helpful by 
demonstrating whether bridging callus is present 
across the fracture site. A number of operative 
techniques have been described to treat shaft 
nonunions [38, 42, 43, 46, 47]. Plate fixation per-
mits early mobilization of the shoulder while 
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providing secure fixation, with a predictably high 
rate of union and a low risk of complications [42, 
48, 49]. A variety of implants have been used, 
including reconstruction, wave, dynamic com-
pression, and low-contact dynamic compression 
plates. Supplementary autologous bone-grafting 
(from the iliac crest, fibula, or medial femoral 
condyle) is commonly used and may shorten the 
time to union [2]. Intramedullary fixation and 
external fixation have been used only in small 
series.

A nonunion rate of 11.5% after nonoperative 
treatment of lateral-end fractures has been 
reported [21]. The independent risk factors for 
this complication include age and displacement 
of the fracture [2, 21]. The symptoms of non-
union in this area include pain and loss of shoul-
der function. The treatment options for an 
established symptomatic nonunion include exci-
sion of the lateral end of the clavicle, or fracture 
fixation with or without bone graft. Excision is 
usually preferred if the lateral fragment is small 
and the CC ligaments are intact, whereas fixation 
is used when there is a larger fragment, with good 
bone stock. The results of treatment have been 
assessed only in small studies mainly focusing on 
the treatment of midshaft nonunions.

 Malunion

All displaced fractures that are treated nonopera-
tively heal with some degree of malunion due to 
angulation and/or shortening [50], but often with 
few or no symptoms [51]. However, some authors 
have reported that shortening of >15 mm is asso-
ciated with shoulder discomfort and dysfunction 
[23, 39, 41]. Others have suggested that perma-
nent shortening has no clinical relevance [52, 
53]. Corrective osteotomy (with or without) adju-
vant autologous bone-grafting and plate fixation 
can improve function in patients in whom symp-
tomatic malunion has produced neurovascular 
problems or cosmetic deformity [2]. Since many 
clavicular malunions are asymptomatic, careful 
patient selection and counseling before surgery is 
recommended.

 Neurological Complications

Nerve compression can be caused acutely by dis-
placement of the fracture fragments, or it can be 
caused by chronic malunion or nonunion [54, 
55]. Brachial plexus palsy may also occur as a 
complication of operative treatment with use of 
intramedullary fixation [56]. The exact preva-
lence is poorly defined and the clinical tests for 
these syndromes are nonspecific. Consequently, 
the diagnosis should be made only if the patient 
has a suggestive clinical history with supportive 
evidence on electrophysiological testing, arteri-
ography or venography, and specialized imaging. 
The treatment should be directed toward correc-
tion of the malunion or nonunion.

 Refracture

Refracture can occur after both nonoperative and 
operative treatment, with risk factors including 
epilepsy and alcohol abuse and an early return to 
contact sports [57]. Reinjury after operative treat-
ment may cause breakage of the fixation device, 
or fracture around the implant, whereas a reinjury 
after implant removal may produce further frac-
ture at the site of the previous injury. Nonunion is 
relatively common after refracture, and internal 
fixation is often required.

 Osteoarthritis of the 
Acromioclavicular Joint

This complication occurs most frequently fol-
lowing an intra-articular fracture and the major 
symptom is activity-related pain. Physical exami-
nation reveals local swelling and tenderness, with 
a positive active compression test as described by 
O’Brien et al. [58]. Plain radiographs may reveal 
signs of osteoarthritis. Symptomatic osteoarthri-
tis of the AC joint should be treated with either 
arthroscopic or open excision of the lateral frag-
ment [12, 59]. In cases where there is concomi-
tant ligamentous instability, the Weaver-Dunn 
CC ligament transfer procedure [60] should be 
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performed to restore stability to the lateral end of 
the clavicle.

Questions
 1. Which of the following is not a risk factor for 

non-union in clavicle fractures?
A. Male sex
B. Older age
C. Communition
D. Lateral third fractures
E. <1 cm displacement

A

 2. A patient who is injured in a car accident 
referred to your hospital’s ER. You recognize 
in his examination and on radiological evalua-
tion that the patient has a displaced lateral 
third clavicle fracture. You suspect from 
injury to the CC ligaments. Which of the fol-
lowing is the most appropriate type of fracture 
according to Allman classification with Neer 
modification?
A. Group 1
B. Group 2 type I
C. Group 2 type II
D. Group2 type III
E. Group 3

C

 3. What is the most appropriate management of 
a displaced non-union of midshaft clavicle?
A. Sling
B. Closed reduction + percutaneous pinning
C. Open reduction + intramedullary nailing
D. Weaver Dunn procedure
E. Open reduction + plate fixation

E

What is new?

A new double endobutton technique is described for 
unstable distal clavicle fractures by two researches 
from New York University Hospital for Joint 
Diseases. This technique seems successful to achieve 
a high rate of union and does not need any removal 
of hardware after healing. A larger case group is 
needed to improve the reliability of the study.

Closed-Loop Double Endobutton Technique 
for Repair of Unstable Distal Clavicle Fractures, 
The Orthopaedic Journal of Sports Medicine, 
2016 July, Struhl S, Wolfson TS.
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Proximal Humerus Fractures

Cem Zeki Esenyel

 Introduction

Proximal humeral fractures are the third most 
common fragility fracture and it account for 
5–9% of all fractures [1, 2]. Proximal humerus 
fractures have a dual age distribution occurs 
either young people following high energy 
trauma or in those older than 50 years with low 
velocity injuries like simple fall [3]. In the elderly 
population, most of these fractures are related to 
osteoporosis [1, 3]. They have a bimodal age dis-
tribution. Proximal humeral fractures are the 
third most common fracture in elderly patients 
and pose an important socioeconomic problem 
[4]. More than 70% of the patients with these 
fractures are older than 60 years of age, and 80% 
are women [3, 5]. Complex three- and four part 
fractures account for >50% of cases in patients 
older than 60 years [6].

Fifty one percent of all humeral fractures are 
displaced fractures [7]. Because conservative 
management of displaced or unstable proximal 
humeral fractures often results malunion and 
poor functional outcome, surgical treatment is 
recommended [1, 7]. The treatment of choice 
remains a matter of controversy. There is no sin-

gle method to impose itself as the gold standard 
of treatment [1].

Commonly utilized techniques include percu-
taneous fixation, open reduction with locking 
plate fixation (ORIF), intramedullary nailing 
(IMN), hemiarthroplasty (HA), and reverse 
shoulder arthroplasty (RSA) [6].

 Anatomy

The proximal humerus includes the humeral 
head, greater tuberosity, lesser tuberosity, and the 
humeral shaft [8]. In the sagittal plane, the 
humeral head is retroverted an average of 30° 
relative to humeral shaft [8]. In the coronal plane, 
it is angled 130–150° cephalad relative to the 
diaphysis. Fracture through anatomic neck can 
result in significant vascular compromise to 
humeral head leading to avascular necrosis.

Because of their musculotendinous rotator 
cuff attachments, the greater and lesser tuberosi-
ties are deformed during the fracture. The supra-
spinatus muscle, the infraspinatus muscle, and 
the teres minor muscle attaches to the greater 
tuberosity [3, 9]. These three muscles yield a pos-
teromedially directed deforming force. During 
the surgical neck fracture, these muscles can 
remain intact and causes typically varus and 
external rotation deformity [8].

Anterior and posterior humeral circumflex 
arteries supply humeral head vascularity [8]. The 
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anterior humeral circumflex artery is the most 
important blood supply to the proximal humerus. 
The posterior humeral circumflex artery and 
muscular attachments of the proximal humerus 
are secondary important source of blood sup-
plies. However, more recently, it was suggested 
that the contribution of the proximal humeral cir-
cumflex artery was more important than the ante-
rior humeral circumflex artery [8, 9]. Sixty four 
percent of humeral head perfusion arises from 
the posterior humeral circumflex artery. The 
anterior humeral circumflex artery only contrib-
utes 36% of humeral head perfusion [9].

The axillary nerve is the most frequently 
injured nerve in proximal humeral fractures, and 
the suprascapular nerve is the second most com-
monly injured [8].

 Clinical Evaluation

 History and Physical

The most common mechanism is a fall from 
standing in an elderly, osteoporotic woman [8]. 
Other causes are high-energy traumas such as fall 
from height, motor vehicle crashes, seizures, and 
electric shocks. If a fracture of the proximal 
humerus in a young person occurs with a low 
energy, pathological fracture should be consid-
ered [2, 8].

Associated injuries of the shoulder girdle, 
upper extremity, and cervical spine should be 
considered [8].

The shoulder is usually swollen and ecchy-
motic. Physical examination may be limited in 
the acute fracture setting because of pain and 
swelling. The skin should be inspected for asso-
ciated lesion, ecchymosis, and prior surgical 
scars [8]. The area of bruising is most commonly 
seen in the chest as well as the arm distal to the 
deltoid muscle. Gross deformity may indicate 
glenohumeral dislocation.

Neurovascular examination should be done, 
with particular attention to axillary nerve. Acute 
neurovascular compromise may need for emer-
gent surgical intervention [8]. Distal pulses 
should be evaluated and compared to the contra-

lateral side. Differences in distal pulses may be 
an indication for arteriogram.

Radiographic examination should be limited 
to a trauma series, which does not require the 
patient to move the arm.

 1. True Anteroposterior Radiograph
It is taken perpendicular to the glenohumeral 
joint by angling the beam 40 degrees away 
from midline to account for scapulothoracic 
and glenoid version.

 2. The lateral or scapular-Y view
 3. A velpeau axillary view

This view is critical to confirm location of the 
humeral head.

These views allow for adequate evaluation of 
fracture anatomy, comminution, and frag-
ment displacement.

Computed tomography (CT) has been shown 
to improve the accuracy of fracture classifi-
cation. It is also very beneficial for surgical 
planning.

Magnetic resonance imaging (MRI) rarely 
indicated in the acute setting. If underlying 
bony pathology or malignancy is sus-
pected, it becomes a useful tool.

 Classification

A lot of classifications have been described, 
including the Kocher, Codman, and Jakob and 
Ganz systems.

 Codman’s Classification

In 1934, Codman described the segment theory 
for the classification of proximal humeral frac-
tures [10]. In this classification, there are four 
main segments (shaft, head, greater tuberosity, 
and lesser tuberosity), and it has twelve basic pat-
terns 3).

Disadvantages:

• Distinction between anatomic and surgical 
neck fractures is not made.

• It does not include fracture displacement
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 AO Classification

The AO classification for proximal humerus frac-
tures was initially described by Muller in 1988 
[11]. This AO/OTA classification distinguishes 
three basic fracture types:

 A. extra-articular, unifocal
 B. extra-articular, bifocal
 C. articular

This clasification has also a total of 27 subtypes.

 Neer Classification

Neer classification is the most widely used classifi-
cation [12]. In this classification, the proximal 
humerus is divided into four parts: the greater tuber-
osity, the lesser tuberosity, the articular segment 
(head), and the humeral shaft. The classification 
based on displacement of one or more of these four 
main segment. The fracture is thought displaced if 
there is 1 cm of displacement or 45° of angulation. 
However, if the greater tuberosity is displaced more 
than 0.5 cm it is accepted as a displaced fracture [3].

It has six group:

 I. minimal displacement
 II. displaced anatomic neck fracture
 III. displaced surgical neck fracture
 IV. displaced greater tuberosity fracture
 V. displaced lesser tuberosity
 VI. fracture-dislocation

Displaced number of main segments indicates 
one, two, three or four-part fractures.

The varus and valgus fractures are different from 
each other [13]. The varus fracture may present as 
an impaction or distraction (disruption) type. Valgus 
fractures may be impacted in straight lateral or pos-
terolateral direction [13]. It is assumed that the peri-
osteum leading medially to the humeral head is 
intact and that the vessels passing through the peri-
osteum are also intact. Because of this survival of 
the humeral head segment is protected [13].

Hertl et al. [14] identified he morphologic risk 
factors for humeral head ischemia. The most 

 relevant predictors of ischemia are the length of 
the dorsomedial metaphyseal extension, the 
integrity of the medial hinge, and the basic frac-
ture type determined with the binary description 
system. Disruption of the medial hinge is a criti-
cal factor for fractures with medial metaphyseal 
extensions below 8 mm, and distruption of the 
medial hinge with displacement of >2 mm. 
Displacement- induced stripping of the perios-
teum (and vessels) might distinguish between 
perfusion and ischemia in this specific subgroup.

 Treatment

Approximately 20% of proximal humeral frac-
tures require surgical intervention; most are 3- to 
4- part fractures [24]. Fracture treatment depends 
on the type of fracture, the degree of fragment 
displacement and fracture stability [2].

 Nonoperative Treatment

Nondisplaced or minimally displaced fractures 
can be treated conservatively. Two weeks of sling 
immobilization is suggested. Then passive range 
of motion should be started. Patients should be 
controlled with serial radiographs of the proxi-
mal humerus weekly until ensure fracture stabil-
ity [1, 3].

Outcomes for nonoperative management of 
the minimally displaced fractures in elderly 
patients are good to excellent. Valgus impacted 
fractures could also be treated conservatively 
with a good to excellent outcomes. Patients with 
valgus impacted fractures regained approxi-
mately 80% of the abduction and flexion strength 
compared with the contralateral extremity [15]. 
Court-Brown et al reported positive results in dis-
placed 2 part fractures treated nonoperatively. 
They compared to nonoperative and operative 
management, and found that surgery did not 
improve outcome in elderly patients [16].

In elderly, low demand patients, or those with 
significant medical comorbidities, even more 
complex fractures may be treated without 
surgery.
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Complications of Non-operative Treatment

 – Delayed union or nonunion (7%)
 – Malunion
 – Osteonecrosis of the humeral head (6.5%)
 – Axillary nerve lesions (30%)
 – Loss of reduction

 Surgical Treatment

Severely displaced fractures warrant surgical 
management [3]. Surgical management options 
are guided by bone quality, fracture pattern, 
degree of comminution, and age and activity 
level of patients [3].

Surgical options include closed reduction and 
percutaneous pinning, transosseous suture fixa-
tion, open reduction and internal fixation with 
plate, haemiarthroplasty, or revers shoulder 
arthroplasty [3].

In osteoporotic elderly patients, bone quality 
is poor, which makes screw purchase and fixation 
less secure. Also, healing capacity in osteoporo-
sis is decreased. Failure of implant fixation is 
increased [3].

Surgical treatment requires anatomic reduc-
tion and stable fixation.

 Percutaneous Pinning

Closed reduction and percutaneous pinning 
with Kirschner (K) wires is a minimally inva-
sive technique (Fig. 9.1) [17]. This offers 
advantages over open techniques that limit the 
exposure, minimizing surgical trauma and 
reducing the risk of osteonecrosis [7]. 
Theoretically, it limits iatrogenic vascular dam-
age, postoperative pain, operative time, and 
blood loss as well as improving cosmesis [7, 
17]. However, the procedure requires advanced 
skill, minimal fracture comminution, and a 
cooperative patient. It has disadvantages such 
as migration of K wires (33%), need for implant 
removal, reduced primary fixation stability, or 
risk of neurovascular damage [7].

Necessities for percutaneous pinning:

 – Good bone quality.
 – Lack of communication in the proximal 

humeral metaphysis at the medial aspect of 
the anatomic neck.

 – Acceptable stability should be obtained.
 – Indications:
 – Two-parts proximal humeral fractures ideally 

surgical neck.

a

b

Fig. 9.1 Closed reduction and percutaneous pin-
ning with Kirschner (K) wires is a minimally 
invasive technique for the treatment of proximal 
humeral fracture (a): fracture of the proximal 
humerus is seen; (b): The humeral fracture was 
treated by closed reduction and percutaneous 
osteosynthesis with Kirschner wires
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 – Three-or four part fractures with adequate 
bone stock.

 – All valgus impacted 3-part and 4- part fractures.
 – In elderly patient, the goal is rather to provide 

a painless range of motion.
 – Although percutaneous fixation has demon-

strated good midterm results, avascular necro-
sis rates are high [6].

 Plating

Conventional plate osteosynthesis of proximal 
humeral fractures has been associated with a high 
complication rate [3]. The initial results showed 
that up to 100% of an implant failure rate was 
reported with osteoporotic bone. Initial plates 
were bulky, associated with the unacceptable 
infection rate and the high rate fixation failure in 
elderly osteoporotic patients [1].

Locking plate provide more stable osteosyn-
thesis, significantly greater holding power of the 
humeral head, and leading to lower rates of 
implant failure or loss of fixation, thus allowing 
earlier mobilization [1].

Locking plates are different from the conven-
tional plates, because of:

• Locking plates function as a locked internal 
fixator and do not need to be compressed for 
stability, allowing preservation of periosteal 
vascularity.

• They provide greater angular stability and bet-
ter screw anchorage in osteoporotic bone [1].

• Locking plates provide better torsional fatigue 
resistance and stiffness than the blade plates.
Accurate fracture reduction and correct screw 
placement in the humeral head should be 
check fluoroscopically in both anteroposterior 
and lateral planes with rotation of the humeral 
head. Primary screw perforation, implant 
related impingement, implant position and 
inadequate fracture reduction should be 
avoided [1]. Locking plates fail catastrophi-
cally as a complete “monoblock” by pulling 
out of the humeral head as shaft, because of 
osteoporosis of the humeral head [1].

Less invasive plating has been described for 
reduction and fixation of the proximal fractures 
the aim of this is minimal soft tissue dissection. 
The anterolateral acromial approach to the 
proximal humerus is used (Fig. 9.2). In this 
approach, the plane of the avascular anterior 
deltoid raphe is used. The axillary nerve should 
then be found and protected (Fig. 9.3) [18]. The 
fracture is reduced and plate is applied the lat-
eral aspect of the fracture proximal humerus 
(Fig. 9.4). The aim is to apply the plate without 
dissection of the critical blood supply of the 
humeral head. Second incision is made distal to 
the humeral shaft. AVN rates are significantly 
lower (range from 0 to 2.6%) with minimally 
invasive deltoid splitting approach [19, 20].
Indications:

• Two, three and four pout-fractures with tuber-
osity on head fragment displacement.

• Risk factors for the early failure of the locking 
compression plate in osteoporotic proximal 
humeral fractures are:

• Malreduction
• Loss of medial support

Fig. 9.2 Anterolateral or lateral transdeltoid approach to 
proximal humerus fractures can be used for various treat-
ments of proximal humeral fractures. Incision is started 
from the tip of acromion down the lateral aspect of 
humerus
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• Negligence of tension band sutures on the 
tuberosities [21].

• Aim for anatomical locking plate fixation:
• An anatomic on slightly impacted stable 

reduction is important
• A minimum of five equally distributed diver-

gent fixed-angle plate screws should be placed 
in the humeral head.

• At least one superiorly directed oblique locked 
screw in the inferomedial region of the  proximal 
fragment should be applied in order to achieve 
more stable medial column support.

• Screws in the humeral head should be left at 
least 5-10 mm below the subcortical bone to 
increase the stability.

• Factors for affecting the final outcome:
• Varus angulation of the humeral head is asso-

ciated with a significantly worse clinical 
outcome.

• Patients age
• The length of the intact metaphysical segment 

attached to the articular fragment.
• Metaphysical segment length is less than 

2 mm is associated with developing avascular 
necrosis.

• Smoking
• Osteoporosis
• Medical and psychiatric co-morbidities.

(The above are associated with an increased 
risk of nonunion.)

• Metaphysical communication on a fracture 
line extension distally.

• The medial side is defection and medial sup-
port is last.

• Complications [22]:
• The complication and reoperation rates of 

locked proximal humerus plating remain high 
[1, 3, 6].

• Avascular necrosis (4.5–16%).
• Screw cut-out (11.6%). Screw penetration is 

commonly due to varus deformation of the frag-
ments. To prevent such complication, support of 
the medial column is advocated [21, 22].

• Re-operation (13.7–15.8%) [6].
• Intraoperative screw perforation of the 

humeral head (14%).
Fig. 9.4 The fracture is reduced and a plate is then slided 
beneath this nerve on the lateral surface of humerus

Fig. 9.3 Deltoid is splitted in the line of skin incision and 
axillary nerve is explored and secured under vision
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• Varus malunion (16.3%)
• Intraarticular screw perforation (7.5%)
• Subacromial impingement (4.8%)
• Infection (3.5%)
• Nonunion (3.4%)
• Miscellaneous complications (2.5%)

Although a vascular necrosis is initiated by 
fracture pattern itself, extensive soft tissue dis-
section may further put humeral head vascularity 
endanger. It is important that soft tissue stripping 
should be avoided during the surgery. Alignment 
and fracture reduction should be done with pal-
pation and checked with fluoroscopically without 
soft tissue stripping.

Traditionally, the deltopectoral approach is 
mainstay for surgical treatment of proximal 
humerus fractures (Fig. 9.5) [17]. This approach 
allows for good access to the glenohumeral joint. 
However, this is suboptimal for the treatment of 

proximal humerus fractures, especially with 
locking plates and screws [17]. This anterior 
approach provides limited access to the lateral 
and posterior portion of the humerus.

 External Fixation

External fixation has been done to minimize the 
risk of infection and to protect humeral vascular-
ity. External fixators are especially used in poly-
trauma patients. This can be applied in supine 
position.

External fixation should be reserved for open 
fractures and constable polytrauma patients.

 Intramedullary Nailing

Indication:

• Three and four part fractures with metaphy-
seal comminution or diaphyseal involvement 
but only minor displacement of the 
tuberosities.

• Intramedullary nails demonstrate higher stiff-
ness values, thus generating greater primary 
stability than extra-medullary load carries [1]. 
Intramedullary nails are load-sharing devices 
and these have been reported to provide 
 clinical outcomes comparable to locking 
plates, with less soft tissue dissection and a 
possibly improved complication profile [1, 6]. 
Intramedullary nails can be excellent solution 
in complex cases of proximal humeral frac-
tures with concomitant shaft fractures [1].

• Application of intramedullary nails for from 
part fractures is technically difficult [6].

• Complication associated with intramedullary 
nail [6]:

• Loss of reduction
• Malunion. It is associated with poor outcome
• Avascular necrosis. The incidence of avascu-

lar necrosis is between 3.7% and 11%.
• Reoperation rate with intramedullary nail is 

remains rather high (30%) and mostly due to 
screw penetration [1, 6]

• Values deformity

Fig. 9.5 The (anterior) deltopectoral approach can be 
used for almost any proximal humeral fracture treatment 
and is often the preferred approach
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• Humeral head collapse (range between 20% 
and 37%)

• Great tuberosity displacement
• Producing an additional fracture through the 

entry point of the nail. This iatrogenic complica-
tion reported in up to 17,9% of cases [23, 24, 25].

Age is important for a good result more than 
65 years of age have a worse functional result. 
This may be due to osteoporosis which causes 
reduce implant guy.

The nail should be inserted at least 5 mm below 
the subchondral bone of the humeral head and prox-
imal screw length fluoroscopically verified. A more 
medial articular entry point may cause less damage 
to the rotator cuff. The medial aspect of the rotator 
cuff has more vascularity [6]. Despite meticulous 
repair, rotator cuff symptoms can persist.

 Primary Hemiarthroplasty

Primary hemiarthroplasty may a choice for com-
plex fractures of the proximal humerus, where 
adequate reduction and fixation cannot be achieved.

Indication:

• Four part fractures,
• Osteoporotic three-part fracture, fracture 

dislocation
• A short (< 8m) metaphyseal head extension
• Disruption of the medial periosteal hinge
• A shell-like head fragment
• Non-reconstructable head split
• Humeral head impression fractures

If there is not glenoid cartilage damage, hemi-
arthroplasty is usually preferred to total shoulder 
arthroplasty [3].

The important surgical principles when per-
forming a hemiarthroplasty for the proximal 
humeral fractures include the following:

 – The use of a deltopectoral approach
 – Restoration of humeral length
 – Restoration of humeral retroversion
 – Secure fixation of the tuberosities to the pros-

thesis, to the shaft and to one another.

The poor prognostic factors are associated 
with:

 – the old age
 – the delay between injury and surgery. Surgery 

within one week of injury is associated with 
improved outcomes.

 – preoperative neurologic deficit
 – history of cigarette smoking
 – Excessive alcohol consumption
 – Female sex
 – Tuberosity malposition and non-healing. 

Tuberosity position of more than 5mm above 
or more than 10mm below the prosthetic head 
is associated with poor results.

 – Improper humeral stem position
 – Operative technique:
 – The patient is placed in the beach chair posi-

tion with the back of the table elevated 
approximately 30–45°. The patients are 
placed at the edge of the operating table. 
Medial border of the scapula should be free 
from the table. All bony prominence should 
be well padded.

 – These kinds of surgeries are performed under 
interscalene block anesthesia or general anes-
thesia exposure. If there is a documented neu-
rological injury interscalene block is 
contraindicated.

 – Antibiotics should be used for prophylaxis.

Surgical approach is planned to contribute 
minimal additional trauma to the soft tissues and 
vascular structures in the area of the proximal 
humerus.

A deltopectoral incision is made beginning 
at the level superior to the coracoid and passing 
to a point directly anterior to the deltoid inser-
tion. The cephalic vein is dissected laterally. 
During the operation, the axillary nerve must be 
identified and protected. Continuity of the axil-
lary nerve can be verified using the Tug Test 
[26]. 1 cm of the superior border of the pectora-
lis major tendon is released (Fig. 9.6). The 
tuberosities the found and heavy non-absorb-
able sutures are placed through the tendinous 
part rotator cuffs to fix the tuberosities later 
(Fig. 9.7a, b).
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The humeral head is removed and all cancel-
lous bone in the humeral head is harvested and 
used for bone grafting of the tuberosities prior to 
fixation (Fig. 9.8a, b).

Adequate positioning of the prosthesis both in 
terms of height and version is critical towards the 
success of the procedure and in reestablishing rela-
tively normal anatomy for the patient postopera-
tively. The positioning is important to reestablish 
the normal resting length of the deltoid muscle.

Options for determining adequate height for 
the prosthesis:

• The upper margin of the pectoralis major inser-
tion site constitutes a reliable land mark to restore 
humeral head height, and is typically 56 mm 
from the superior aspect of the greater tuberosity 
[27]. The humeral head must be places just supe-
rior to the greater tuberosity in this location and 
by reducing the greater tuberosity to the shaft.

• Tension on the biceps has been recommended 
as a guide for the prosthetic height but is less 
reliable.

• Preoperative templating relative to the contra-
lateral arm with jigs can be utilized for deter-
mining length.

Fig. 9.6 One cm of the superior border of the pectoralis 
major tendon is released to increase the exposure and 
external rotation

a

b

Fig. 9.7 The tuberosities the found and heavy non-
absorbable sutures are placed through the tendinous part 
rotator cuffs (a) to fix the tuberosities later (b)
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• During the operation, the arm is kept parallel to 
the floor with the elbow at 90 degree of flexion. 
A gentle traction is applied to the arm. Then the 
arm is turned to 20 degree of external rotation. In 
this position the humeral head of the prosthesis 
is turned towards the glenoid. At this position, 
land marks for humeral version and humeral 
heights are done with cautery (Fig. 9.9a, b).

Too low placement of the prosthesis will result 
in inferior subluxation of the humeral head 

a

b

Fig. 9.9 During the operation, the arm is kept parallel to 
the floor with the elbow at 90 degree of flexion. A gentle 
traction is applied to the arm (a). Then the arm is turned to 
20 degree of external rotation (b). In this position the 
humeral head of the prosthesis is turned towards the gle-
noid. At this position, land marks for humeral version and 
humeral heights are done with cautery

a

b

Fig. 9.8 All cancellous bone in the humeral head is har-
vested (a), used for bone grafting and put around the prox-
imal part of the prosthesis and under the tuberosities to 
accelerate the healing of tuberosities (b)
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 relative to the glenoid. This will cause weakness 
in elevation. Too high placement of the prosthesis 
will lead to overstuffing of the joint superior sub-
luxation, pain and stiffness.

Anatomic version of the humeral head should 
be kept between 20° and 40° of retroversion. Less 
version of approximately 20° is recommended, 
which places less tension on the greater tuberosity 
fragment during internal rotation and benefit heal-
ing. The posterior fin should generally be located 
just posterior to the bicipital groove. Because the 
stabilizing effect typically afforded by the tuber-
osities, which has been lost due to fractures, the 
humeral stem is generally cemented in place to 
avoid subsidence and malrotation.

Tuberosity Fixation
The success of the tuberosity healing is directly 

releated to the adequate reduction and fixation of 
the tuberosities during the surgery. Tuberosity 
healing is a major challenge and greater tuberosity 
pull off remains the most common complication of 
this surgery [5, 28]. The tuberosities must heal to 
each other and to the shaft as well as to the 
ingrowth material of the humeral prosthesis. The 
tuberosities are fixed to each other, to the prosthe-
sis and to the shaft of the humerus with non-
absorbable number 5 sutures. The bone graft is 
inserted between the prosthesis and the tuberosi-
ties to assist with healing [5]. Anatomic healing of 
the tuberosities significantly improves patients’ 
satisfaction. Non-unions of the tuberosities are 
associated with lower results [5]. Because of that, 
fluoroscopic control should be done before fixa-
tion of the tuberosities (Fig. 9.10).

A randomized controlled study found signifi-
cantly superior outcomes related to pain and 
quality of life for hemiarthroplasty compared 
with nonoperative treatment [29].

Complications of primary hemiarthroplasty

 I. Intraoperative complications

• Component malpositioning
• Iatrogenic fracture
• Axillary nerve injury

 II. Early postoperative complications

• Tuberosity pull-off (23%)
• Glenohumeral stiffness (5%)

• Instability (15%)
• Infection (6%)

 III. Late complications

• Tuberosity absorption (7%)
• Tuberosity non-union (17%)
• Rotator Cuff dysfunction (25%)
• Glenoid erosion on arthrosis (35%)
• Loosening (3%)
• Periprosthetic fracture (2%)
• Heterotopic ossification (30%)

The “unhappy triad” involves prosthesis with 
excessive height and retroversion and the greater 
tuberosity is positioned too low.

 Reverse Shoulder Arthroplasty

Reverse shoulder arthroplasty is indicated in 
elderly patients with pre-existing or anticipated 
rotator cuff deficiency and represents a salvage 
procedure for failed first-line treatment [5]. This 
prosthesis is generally not recommended in 
younger patients and it’s use has most often been 
reported in patients around the age of 70.

Fig. 9.10 Fluoroscopic control of the tuberosities posi-
tions should be done before fixation
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Complications of reverse shoulder 
arthro plasty

• Scapular notching
 – It is the most frequent complication for 

reverse shoulder arthroplasty.
 – It causes polyethylene wear, synovitis 

(polyethylene disease), and glenoidal bone 
loss with potential loosening of the glenoid 
component.

• Acromial insaficiency

 Conclusion

Treatment of proximal humeral fractures still 
remains a matter of controversy. Especially in 
osteoporotic bones, a lot of fixation techniques 
have been described.

The patient and fracture characteristics are 
very important while deciding the type of the 
surgical technique.

Questions
 1. Which of the following is not an advantage of 

deltopectoral approach comparing with mini-
mal invasice deltoid splitting approach?
 A. Lower AVN risk
 B. Lower axillary nerve injury risk
 C. Better deltoid function postoperatively
 D. Easier surgical technique

A. Minimal invasive deltoid splitting 
approach has a lower risk for AVN of 
humeral head. Axillary nerve injury and 
better deltoid function postoperatively is 
associated with deltopectoral approach

 2. What is the best treatment option for an 
elderly patient with 4-part fracture of the 
humeral head with no significant glenoid and 
rotator cuff injury ?
 A. Plate fixation
 B. K-wire fixation
 C. Arthroscopically assisted open fixation
 D. Hemiarthroplasty
 E. Reverse shoulder arthroplasty

D. Even hemiarthroplasty is the first choice 
in multiple part humeral head fractures, 
new studies with reverse shoulder arthro-
plasty in patients with 3-4 part fracture of 
humeral head is promising.

 3. Which one of the stated below is an inappropriate 
fixation technique for OR+IF with locking plate?
 A. Five divergent screw placed in humeral head
 B. Superiorly directed oblique screw below 

the proximal fragment
 C. Screws in the humeral head must pass 

both cortexes to increase the stability
 D. Medial column stabilization is important 

to avoid implant failure.
C.
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Reverse Shoulder Arthroplasty 
for 3-Part and 4-Part Proximal 
Humerus Fractures

E. Boyer, G. Menu, R. Saadnia, F. Loisel, J. Uhring, 
A. Adam, S. Rochet, P. Clappaz, E. Baudouin, 
T. Lascar, and L. Obert

 Introduction

Four-part fractures of the proximal humerus in 
patients between 60 and 70 years of age should 
theoretically be treated by hemiarthroplasty 
(HA). In this age group, use of reverse shoulder 
arthroplasty (RSA) implants is contraindicated 
and fracture fixation is not always feasible, either 
because of compromised humeral head vascular-
ity (varus, extensive comminution, very osteopo-
rotic bone) [1, 2] or because of a complex fracture 
pattern (varus, associated dislocation, low head 
volume). However, because the functional out-
comes of HA for these fractures are correlated to 
implant height and anatomical reduction of the 

tuberosities [5–7], less and less surgeons are 
using this technique. For the same type of frac-
ture, the results are more predictable with an 
RSA implant; this has contributed to a marked 
increase in the number of RSA procedures per-
formed on patients between 60 and 70 years of 
age. We report the first serie of locked stem of 
implant in trauma (hemi and reverse).

 Materials and Methods

The first part of the study consisted of an assess-
ment of a fracture-specific stem with diaphyseal 
locking (Humelock™, FX Solutions, Viriat, 
France) on 11 cadavers (22 shoulders) (Fig. 10.1). 
The goals of the cadaver study were, to determine 
whether the diaphyseal locking mechanism was 
mechanically reliable, determine whether the 
implant was safe for the vascular and nerve struc-
tures, and verify the data generated by 
Murachowsky [3] and Torrens [4] regarding the 
distance between the upper margin of the pecto-
ralis major tendon and the top of the humeral 
head.

To set the stem height, we decided to directly 
lock the chosen stem; this allowed us to focus our 
time on the aspect we felt was most important: 
the fixation of the tuberosities. After locating the 
upper margin of the clavicular head of the pecto-
ralis major, the stem was locked in a trial position 
that placed the head 5.5 cm from the pectoral 
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landmark. A K-wire was used to lock the distal 
end of the stem temporarily; this enabled carry-
ing out primary tuberosity reduction using trial 
heads and check the configuration on fluoroscopy 
with the arm in neutral position, internal rotation 
and external rotation (Figs. 10.2 and 10.3).

Patients were recruited for the prospective 
clinical study conducted between 2009 and 2011. 
Patients of each center were reviewed prospec-
tively by an independent assessor. Ninety-three 
patients have been treated by locked stem, 49 
with hemiarthroplasty and 44 with reversed. The 

clinical review consisted of measuring the shoul-
der range of motion and calculating the Constant 
score and QuickDASH. The radiological review 
consisted of an analysis of the position and con-
solidation of the tuberosities around the implant; 
these elements were analysed according to 
looped suture use.

This study also allowed us to assess tuberos-
ity reattachment using specially-designed 
suture loops (Smartloop®, FX Solutions), aim-
ing to generate a reliable and reproducible con-
struct, independent of fracture type. We also 
evaluated the mechanical advantage of adding a 
cage (Offset Modular System®, OMS, FX 
Solutions) below the head. This optional cage 
was developed to make it easier to position and 
fix the tuberosities as a function of the remain-
ing tuberosity volume and to provide a recess 
where cancellous autograft taken from the 
patient’s humeral head can be added against the 
prosthesis. The shoulder was immobilized in an 
internal rotation cast or sling for 4 weeks with 
no passive or active mobilization during this 
time-period.

 Results

In the cadaver study, the distance between the top 
of the humeral head and the pectoralis major was 
5.8 cm ± 5 mm, which is consistent with pub-
lished data. This finding validated the height 
adjustment gauge developed for this implant. All 

Fig. 10.2 The stem is permanently fitted at the correct height then the prosthesis is secured to the bone using a 
pin (Fig. 10.2 reprinted with permission from FX Solutions)

Fig. 10.1 New generation of hemi and reverse arthro-
splasty with a locked and uncemented stem but which can 
be cemented. The stem is reversible allowing to use the 
platform as hemi or reversed prostheses (reprinted with 
permission from FX Solutions)
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stems could be solidly locked using the distal 
dual-locking instrumentation. The mechanical 
advantage of using the OMS to help positioning 
the tuberosities was evident in the cadaver study. 
The cage walls were further refined based on our 
findings to improve the biological exchanges 
around the implant.

The clinical study enrolled ninety-three 3 & 
4 part patients with 93 fractures which have 
been treated by locked stem, 49 with hemiar-
throplasty (mean age 67yo (50–90)) and 44 with 
reversed (mean age: 76.8 (59–90)). Five senior 
surgeons at four different hospitals performed 
the surgical procedures. The patients were oper-
ated at a mean of 7.1 days [1–17] after the frac-
ture event by delto pectoral approach in 91% of 
cases. Immobilisation in internal rotation for 
1 month was proposed in case of hemiathro-
plasty and a sling for 3 weeks in case of reverse 
prosthesis.

In the group of hemiarthroplasties, active flex-
ion reached 99° (25°–160°), active abduction 89° 
(35°–160°) and active external rotation 27.5° 
(0°–55°). Constant score with ponderation 
reached 72.3 (31.5–120) and QDash 30.2 (4.5–
68.1) with a mean FU of 18 months (12–96) 
(Figs. 10.4 and 10.5).

In the group of reversed prosthesis, active 
flexion reached 98.5° (30°–160°), active abduc-

tion 89.5° (10°–150°) and active external rotation 
18° (0°–50°). Constant score with ponderation 
reached 79 (36.4–109.4) and QDash 36.5 (2.27–
70.4) with a mean FU of 16 months [12–34] 
(Figs. 10.6, 10.7 and 10.8). No complications 

Fig. 10.3 The surgeon can apply tuberosities and assess they anatomical reduction finally locking is completed

Fig. 10.4 In case of 4 part fracture between 60 and 70 yo, 
the implantation of hemiarthroplasty is a high demanding 
procedure
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Fig. 10.5 Osteosuture 
of tuberosities and 
peroperative X-ray 
control are mandatory in 
order to achieve bone 
union at the right place

Fig. 10.6 In case of 4 part fracture after 70 yo, the implantation of reversed prosthesis provide more predictible func-
tionnal results

E. Boyer et al.
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Fig. 10.7 Reinsertion of tuberosities is mandatory to 
reach better results even in case of reversed prosthesis

related to stem locking were observed. 28 com-
plications occurred, 15 in the “hemi group” and 
12 in the “reverse group”. Complications are 
described in the Table 10.1.

Two of these rotator cuff cases required RSA 
conversion, which was easy to perform because 
no cement had been used initially. In the reverse 
group and at this follow-up only 1 case of notch 
(grade 1) was pointed (Fig. 10.9).

 Discussion

 Hemiarthroplasty

Consolidation of the lesser tuberosity and 
retroversion of the humeral stem are difficult 
to evaluate reliably. CT scanning would have 
provided a more accurate assessment, but 
also would have exposed the patient to more 
radiation. It was not possible to determine 

whether humeral length had been restored 
because X-rays of the entire humerus were 
not taken.

The number of patients in this study, as well as 
their ages and genders, were comparable to other 
published studies. The effect of age on tuberosity 
consolidation, and in parallel, the functional out-
comes, has been demonstrated by several authors. 
Reuther [5] found that the tuberosity union rate 
was 61.5% in patients under 60 years of age, but 
only 26.5% in those over 80 years of age. 
Grönhagen [6] showed that the Constant–Murley 
score was significantly better in patients under 
60 years of age. Boileau [7] found that tuberosity 
migration was significantly correlated to being 
over 75. In the current study, no differences were 
observed between patients over and under 
60 years of age. Comorbidities also impact the 
functional outcomes. Kabir [8] found that the 
Constant-Murley score decreased from 41 to 27 
when patients have three or more comorbidities.

Many studies have shown that women have 
worse functional outcomes and joint range of 
motion [7, 9, 10]. This can be explained by poor 
bone quality and increased risk of tuberosity 
 nonunion. However, we found no differences in 
the outcomes between genders in the current 
study.

We did not find the time before surgery to 
have any impact on clinical outcomes. Mighell 
[11] reported that functional outcomes were sig-
nificantly better when patients were operated 
within 2 weeks of the fracture event; this concept 
was not supported by Fallatah’s study [12]. The 
deltopectoral approach used in this study is the 
same approach used in most published studies. A 
significant correlation between stem height and 
consolidation of the tuberosities in their anatomi-
cal position has been found [7]. A reliable refer-
ence for appropriate stem height is the distance 
between the apex of the humeral head and the 
superior margin of the pectoralis major tendon 
[3]. This distance can be measured only when 
using the deltopectoral approach. Better clinical 
outcomes have been found when the height is set 
using the distance between the apex of the 
humeral head and the superior margin of the pec-
toralis major tendon [13, 14]. In our opinion, 
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bone grafting is essential because it increases the 
primary stability of the tuberosities and adds a 
biological element to the healing process. We 
believe that the HA results are more predictable 
when the tuberosities are stabilized by transosse-
ous sutures placed around the implant’s metaphy-
sis, which is filled with autograft.

Some authors have shown that tuberosity con-
solidation is not significantly affected by the use 
of bone graft [5, 15]. However, several teams 
have shown that tuberosity consolidation is criti-
cal to achieving good functional outcomes [5, 7, 

Fig. 10.8 Functional results are otain in 2 to 3 months

Table 10.1 Complications in subgroups

Complications
Hemi 
arthroplasty

Reverse 
prosthesis

Capsulitis 8 4

Phlebitis of upper limb 2

Axilary palsy 1

Lysis of great tuberositie 1 3

Infection 1

Problem with locking 2 (screw 
removal)

1

Secondary Cuff rupture 3

Lymphoedema 1
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15–18]. Complications related to tuberosity con-
solidation are the main cause of functional 
catastrophy.

The nonunion rate in the current study (11.5%) 
falls within the range (0% to 17%) reported in 
other studies [7, 9]. Transosseous tuberosity 
suturing must be performed meticulously. 
Anatomical reduction of the tuberosities is an 
essential prerequisite for good functional out-
comes. The malunion rate in the current study 
(23.7%) falls within the range (0–39%) reported 
in other studies [7, 9].

More recent studies found a tuberosity non-
union or malpositioning rate of 40–66% [19–
21]. The transosseous sutures are as important 
as the implant’s design and height for ensuring 
that the tuberosities heal in the correct posi-
tion. Krishnan [22] and Boileau [23] have 
recently reported tuberosity nonunion rates of 
21 and 13%, respectively, when a fracture-spe-
cific stem was used. This reinforced our 
research on implant that effectively treats 
humeral fractures involving the head and 
tuberosities.

The intraoperative complication rate in this 
study was low. The published rate is under 2%. 
Boileau [10] reported one case of axillary artery 

damage (1.6% complication rate). Brandao 
reported one periprosthetic humeral fracture 
(1.5% rate).

All the patients in this study underwent post-
operative immobilization for 1 month using a 
shoulder immobilizer with the arm internally 
rotated. This position is controversial. Some 
authors recommend immobilization in neutral 
position or external rotation to reduce tension on 
the lesser trochanter, as this is a source of migra-
tion [7, 24]. However, this position is difficult to 
maintain during sleep.

Although Robinson [25] has shown that the 
Constant score levels out starting at the sixth 
postoperative month; very few studies have 
more than 2 years’ follow-up. An analysis of 
published results shows a wide variation in the 
resulting shoulder range of motion (ROM). The 
mean forward flexion ranges from a low of 
53.5° [26] to a high of 149° [17]. The Constant–
Murley score ranges from a low of 42 points [6] 
to a high of 73.6 points [18]. The overall 
Constant–Murley score of 45.9 in this study 
falls within this range.

The condition of the rotator cuff directly 
affects the functional results of HA for fracture. 
Impaired functional outcomes due to reduced 

Fig. 10.9 With the 
smallest base plate of 
the market and a low 
implantation on the 
glenoid bone, the FX 
reverse prosthesis allow 
to diminish the notch
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subacromial space has been demonstrated in 
many studies [6, 9, 11] and can reach 52% [6].

At the latest review, the functional outcomes 
were significantly altered when the subacromial 
space was less than 7 mm. In this study, it can be 
attributed to secondary rotator cuff damage in all 
cases. No damage to the rotator cuff was identi-
fied intraoperatively. One cause of postoperative 
rotator cuff damage is excessive humeral length. 
According to Boileau [7], length of more than 
10 mm had two effects:

• Rotator cuff damage (less subacromial space) 
due to excessive tension on the supraspinatus 
muscle

• Tuberosity migration due to lack of union with 
the humeral shaft

Humerus length could not be determined in 
the current study because X-rays of the entire 
humerus were not taken.

Mighell [11] found a smaller subacromial 
space in 20.8% of patients. This radiological 
finding is systematically associated with impaired 
functional outcomes. Shah [27] counters these 
results and finds no significant difference between 
patients who have reduced subacromial space 
and those who have not.

No infections were identified in this study but 
with short follow up. The published rate of deep 
infection after HA for fracture is 1.6% [10]. For 
all etiologies combined, the prevalence of infec-
tion of anatomical shoulder implants is 2% 
according to Pelegri [28]. Staphylococci and 
Propionibacterium acnes are the most commonly 
found microorganisms (23–40%). The infectious 
prognosis is relatively good: the infection is 
resolved in 71% cases when all treatments are 
considered altogether.

Ectopic bone formation identified on X-rays is 
generally not considered as a complication. 
Grönhagen has reported ectopic bone formation 
in 54% of cases [6]. The impact of this abnormal 
radiological finding on functional outcomes is 
controversial. Grönhagen [6] and Goldman [9] 
found no changes in the functional outcomes in 
patients with ectopic ossification. Kjaergaard- 

Andersen [29] described three stages of ectopic 
ossification in a series of 26 out of 58 arthroplasty 
cases. In stage III, the bone bridges the humerus 
and acromion. The functional outcome is nega-
tively affected only after ossification reaches 
stage III.

 Reversed Prosthesis

The epidemiological variables are comparable to 
the published series. The mean age was 77 years 
(range, 72–86 years). The proportion of female 
patients varied from 70% for Klein et al. [39] to 
100% for Hubert et al. [40]. The mean follow-up 
reported in the literature is 33 months (range, 
10–86 months).

The superolateral and deltopectoral approaches 
can be used in reversed arthroplasty with fracture. 
In previous studies, the superolateral approach 
remains the most widely used. Bufquin et al. [41] 
found no differences in the results for these two 
approaches. For Sirveaux et al. [42], the supero-
lateral approach is preferable because it results in 
fewer dislocations. However, this approach pres-
ents the disadvantage of weakening the deltoid 
muscle, the main motor of the prosthesis, whereas 
in a fracture situation the subscapular tendon does 
not need to be resected. Osteosuture of the tuber-
osities should be attempted whenever possible. 
Bufquin et al. [41] and Gallinet et al. [26] showed 
that this reinsertion was possible and effective in 
restoring rotation. The literature does not report 
criteria for defining anatomic union of the tuber-
osities in reversed prostheses. In another study, 
Gallinet et al. [43] showed significant improve-
ment of the Constant score and throughout range 
of movement when anatomic union of the tuber-
osities was observed. Cuff et al. [44] nuanced 
these observations, considering that reinsertion of 
the tuberosities and their union significantly influ-
ences external rotation but not the functional 
scores.

Of the 12 series reported in the literature, the 
functional range of motion reached 118.6° 
(range, 97–139°) for anterior elevation, 107.4° 
(range, 80–128°) for abduction, and 16° (range, 
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8–27°) for external rotation with the elbow 
against the body. The mean crude Constant score 
varied from 44 points for Bufquin et al. [41] to 
67.9 points for Klein et al. [39].

Intraoperative fractures are exceptional but they 
aggravate the prognosis. Bufquin et al. [41] 
reported fractures of the glenoid (2.3% of the com-
plications). In these symposium series, we found 
no acromion or spine of scapula fractures. 
Dislocation is one of the most stressful complica-
tions for the patient. The risk of recurrence is even 
higher when the first episode occurs early. Its rate 
has been reported to be 16.6% in recent injuries 
[45]. The factors of instability described in the lit-
erature are the approach and most particularly the 
deltopectoral approach, which may be related to an 
increased risk of dislocation compared to the 
superolateral approach [46], because of the antero-
inferior capsular release (more frequently used in 
scheduled surgery); a humeral length defect and 
therefore deltoid tension [47]; fat degeneration of 
the subscapularis muscle [48]; and finally, use of a 
small-diameter glenoid sphere (36 mm) [49].

Neurological lesions are not rare. The distinc-
tion between post-traumatic and iatrogenic neu-
rological impairment remains subject to a 
preoperative examination that is often difficult. In 
the literature, the axillary nerve is the most fre-
quently injured. The neurological lesion rate was 
12.5% for Bufquin et al. [41].

The infection rate in series of reversed pros-
theses with fractures was 10% for Klein et al. 
[39]. The series of the 2006 SOFCOT sympo-
sium found 5.1% infections in scheduled surgery 
[49]. Pelegri et al. [28] found 3% infections all 
indications combined, with an 80% healing rate.

The rate of a notch on the lower side of the 
neck of scapula varies from 0% for Cuff et al. and 
Valenti et al. [44, 50] to 96% for Werner et al. 
[51]. This is a specific radiological anomaly of 
the reversed prosthesis but the analysis of this 
phenomenon can be delicate because it depends 
on the quality of the x-ray. Most frequently, the 
notch is partially hidden by the glenoid sphere 
when the patient is positioned too frontal. The 
use of a horizontal or slightly ascending ray cou-
pled with radioscopy makes it possible to assess 

the presence of a notch. This scapular notch gen-
erally appears in the 1st year after surgery. In the 
2006 SOFCOT series [49], the notch rate was 
48% at 1 year of follow-up. These changes 
remain difficult to assess because it varies from 
case to case. Lévigne et al. [52] found a tendency 
towards progression of the notch over time. This 
notion of aggravation over time was also observed 
by Cazeneuve and Cristofari [53] and may stem 
from two related phenomena: mechanical 
impingement between the medial edge of the 
humeral cup and the lower edge of the neck of 
scapula and an osteolytic reaction to the polyeth-
ylene particles released in the joint capsule. The 
notch’s clinical and radiological consequences 
continue to be debated in the literature. According 
to Lévigne et al. [52], the presence of a notch has 
no significant incidence on the Constant-Murley 
score or joint range of movement. On the other 
hand, it is associated with a significant decrease 
in strength. The 2006 SOFCOT symposium 
series [49] showed that the presence of a notch 
was significantly correlated with lower anterior 
elevation and less strength. For Sirveaux et al. 
[54], presence of a stage 3 or 4 notch is signifi-
cantly associated with a lower Constant-Murley 
score. Even in cases of fracture, prevention of the 
notch seems logical to improve the longevity of 
reversed prostheses. The means to reduce its inci-
dence are well known: low implantation of the 
glenoid insert flush with the lower edge of the 
glenoid [51], positioning the glenoid insert with 
at least 10% downward inclination, polyethylene 
cup depth as low as possible to preserve satisfac-
tory stability, lateralization of the glenoid implant 
pulling away the humerus from the neck of scap-
ula [55], and reduction (verticalization) of the 
neck-shaft angle of the humeral implant [56].

 Conclusion

This is a relatively short-term study, but opti-
mization of a fracture-specific implant leads 
to more predictable results if the tuberosities 
are reduced, they will heal. In case of hemi 
arthroplasty, the predictable results with this 
implant can be explained by the ease of setting 
the stem height, the ability to lock the stem in 
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place without cement, the use of suture loops 
for transosseous fixation and the stabilization 
of the horseshoe- shaped graft in the metaphy-
seal area. In the hands of an experienced sur-
geon who makes use of fluoroscopy, the 
results of HA can be improved without having 
to perform RSA on every fracture cases. At 
shoulder level, the removal of a cemented 
stem remains a highly demanding procedure 
with sometimes bad functional results and 
high level of complications. This series is the 
first one of locked stem without significant 
complications. Locked stem remains a new 
but logical tool in trauma.

Questions
Select the unique problems related to massive rota-
tor cuff arthritis/total shoulder arthroplasty:
 A. Suturing of co-existing RC tears in arthro-

plasty is not effective due to poor RC tissue 
quality

 B. Glenohumeral joint congruity is distorted.
 C. A superior migration of the humeral head is 

seen
 D. Persistent pain is the most common reason 

for failure of total shoulder arthroplasty with 
patient with massive RC tears while range of 
motion is typically restored and component 
integration is normal

 E. During arm elevation rotation is partially 
replaced with translation at the GH joint that 
leads to early wear and loosening

Why Dr Grammont’s work is considered key for 
the evolution of reverse shoulder arthroplasty?
 A. He developed the concept of the glenoid 

being convex, whereas the humeral side being 
concave, so that this system would be inher-
ently stable

 B. He proposed lateralization of the acromion. 
With the hypothesis that a more lateral posi-
tion of the acromion to the joint’s center of 
rotation would create an increase in the 
abductor component of the deltoid

 C. He proposed medialization of the COR of the 
prosthesis with the conception of a possible 
“nonanatomic” solution

 D. A central screw to fix the glenosphere to the 
scapula

 E. A & B & C
 F. A & B & D

Which of the following statements are correct 
(select all that apply:)
 A. With medialized implants, the center of rota-

tion is placed at the glenoid component–bone 
interface which results in less shear stress

 B. Lateralized implants can result in increased 
force at the glenoid bone–implant interface 
encroachment on the glenoid

 C. Lateralized implants can result in laxity of the 
remaining cuff

 D. Medialized implants result in lower risk of 
scapular notching

Factors that can increase range of motion of a 
reverse shoulder are all the above except:
 A. Lateral offset of the implant
 B. Inferior positioning of the glenoid
 C. Inferior glenoid tilt
 D. superior positioning with inferior tilting of 

the glenosphere

All the above can be considered indications for 
reverse arthroplasty except:
 A. Rotator cuff tear arthropathy
 B. Osteoarthritis with severe glenoid bone loss
 C. Glenoid osteoporosis
 D. Dislocation arthropathy
 E. Failed proximal humeral head replacement
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Dislocations and Fracture 
Dislocations of the Shoulder Girdle

Danny Ryan and Mustafa Rashid

 Introduction

The shoulder is the most commonly dislocated 
joint in the body [1], with an incidence between 1 
and 2% in the population per year [2, 3]. Studies 
have highlighted the group at highest risk of sus-
taining a traumatic shoulder dislocation to be 
males between the ages of 21 and 30 years, with 
further risk conferred with overhead activities 
and participation in contact sports [3–6]. While 
the humerus may dislocate posteriorly, approxi-
mately 98% of dislocations occur anteriorly 
[2–8].

 Shoulder Anatomy: Glenohumeral 
Joint

The glenohumeral joint is a ball and socket 
joint, comprising of the shallow ‘cup’ of the 
glenoid, and the relatively larger, spherical, 
humeral head. This configuration alone is 
inherently unstable, and a combination of both 

static and dynamic stabilisers are required to 
maintain the position of the humeral head in 
joint.

 Static Stabilisers

There are three main static stabilisers contribut-
ing to shoulder stability:

 1. Osseous anatomy
 2. Labrum
 3. Glenohumeral ligaments

 Osseous Anatomy

The glenoid is roughly 20–30 mm wide (greatest 
width is found inferiorly) with a concave surface 
area that is approximately one-third of the surface 
of the humeral head. In 75% of people it demon-
strates 3–7° of retroversion to the scapular plane, 
but in the remainder of the population this may be to 
a lesser degree, or even a slight amount of antever-
sion may be present. Superior tilt is in the region of 
3–5°, and anteversion in the coronal plane 30–40°.

The head of the humerus is inclined superi-
orly, with a head neck angle of 130–140°, and is 
retroverted by 20–30° relative to the transepicon-
dylar axis. Furthermore, the head is positioned in 
an eccentric, posterior position relative to the axis 
of the diaphysis of the humerus.
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 Labrum

Both the articular cartilage of the glenoid and the 
surrounding labrum contribute to the congruency 
of the joint. The cartilage thickens as it approaches 
the edge of the glenoid, and, in combination with 
the labrum, increases the concavity of the surface 
by an additional 5–9 mm, thereby reducing trans-
lation and improving conformity.

The labrum itself is a fibrocartilaginous struc-
ture, which is triangular in cross-section, appear-
ing similar to the meniscus in the knee. Superiorly, 
it is a relatively mobile structure, but inferiorly it 
has a firmer attachment and more rounded cross- 
section. It contributes roughly a third of the addi-
tional height of the concavity, which is deeper 
superiorly and inferiorly than at the anterior and 
posterior edges. The labrum also provides the 
attachment for the glenohumeral ligaments.

 Glenohumeral Ligaments

The superior, middle and inferior glenohumeral 
ligaments blend with the joint capsule to provide 
tension at varying degrees of humeral motion, in 
order to maintain centering of the humeral head 
within the concave surface of the glenoid.

 Inferior Glenohumeral Ligament (IGHL)
The IGHL is composed of an anterior and poste-
rior band, taking the majority of its attachment 
from the labrum, with only around 15% from the 
glenoid rim, and inserting inferior to the greater 
and lesser tuberosities. The area between the dis-
tinct bands, extending from the inferior two- 
thirds of the glenoid rim to the inferior third of 
the humeral head, is known as the axillary pouch: 
this section of ligament creates a hammock under 
the humeral head. In 90° abduction and external 
rotation the anterior band tightens, thus prevent-
ing anterior and inferior translation of the humeral 
head, while in flexion and internal rotation the 
posterior band is tightest. The IGHL is the pri-
mary stabilizer of the glenohumeral joint in 
abduction.

 Middle Glenohumeral Ligament (MGHL)
The MGHL arises from the supraglenoid tuber-
cle, at the anterosuperior aspect of the glenoid 
rim, and between the 1 and 3 o’clock positions of 
the anterosuperior labrum. It attaches to the lesser 
tuberosity of the humerus, where it blends with 
the insertion of subscapularis. The MGHL is the 
primary stabilizer against anterior dislocation 
between 0 and 90° of abduction, after which the 
IGHL takes over this role as described above.

 Superior Glenohumeral Ligament 
(SGHL)
The SGHL also has its origin at the supraglenoid 
tubercle, anterior to the long head of biceps, run-
ning in an anterosuperior direction to attach to 
the lesser tuberosity. It prevents inferior transla-
tion of the arm in adduction. The SGHL covers 
the long head of biceps, and is augmented by the 
coracohumeral ligament, which runs from the 
dorsolateral coracoid to the lesser (anterior band) 
and greater (posterior band) tuberosities. The 
anterior band tightens in external rotation, and 
the posterior band in internal rotation, providing 
resistance to anteroinferior translation during 
these movements. The SGHL and coracohumeral 
ligaments lie in the rotator interval, the capsular 
interval between the anterior edge of the supra-
spinatus tendon and the superior edge of 
subscapularis.

Further factors that add to static stability 
include a negative intra-articular pressure (pro-
viding a ‘suction-cup’ effect between the humeral 
head and glenoid) and the size differential 
between the surface areas of the glenoid and 
humeral head, creating high forces across the 
joint.

 Dynamic Stabilisers

Dynamic stability of the glenohumeral joint aims 
to minimize translation during rotation of the 
humeral head through concavity compression 
force. In addition to the structural relationship 
between the humeral head and surface of the 
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 glenoid and the glenohumeral ligament 
 contributions at the extremes of motion, the mus-
culature providing the compressive force pushing 
the humeral head into the glenoid is also vitally 
important. Three groups of muscles contribute to 
the dynamic stability of the glenohumeral joint:

 1. Rotator cuff
 2. Long head of biceps
 3. Scapular stabilisers

 Rotator Cuff
Contraction of the rotator cuff results in compres-
sion of the humeral head into the glenoid fossa, 
providing resistance to translation. This force is 
particularly potent in mid-range motion.

 Long Head of Biceps
The long head of biceps originates from the supe-
rior labrum, providing stability against transla-
tion of the humeral head in superoinferior and 
anteroposterior directions.

 Scapular Stabilisers
The position of the scapula is important in deter-
mining glenoid version and tilt. The rotatory 
force couple, which maintains a normal scapulo-
thoracic rhythm, is balanced by upper and lower 
components (Table 11.1). In combination with 
the pectoral muscles (responsible for scapulo-
humeral rhythm) stability of the shoulder is 
maintained.

The deltoid muscle also contributes to concav-
ity compression force with the arm in 90° of 
abduction, and provides a superior shear force 
when the arm is adducted. Finally, proprioceptive 
feedback from capsular stretch aids in normal 
muscle function and dynamic stability.

 Anterior Dislocation 
of the Glenohumeral Joint

 Examination

The majority of shoulder dislocations occur ante-
riorly [2–8], usually as a result of a force in exter-
nal rotation and abduction. Clinically, patients 
often present with a first-time traumatic anterior 
dislocation, acutely, in severe pain that is poorly 
localized around the proximal humerus and gle-
nohumeral joint. One must be careful to take a 
thorough history to elucidate the mechanism of 
injury, past medical and surgical history, time of 
last meal, allergies and other relevant information 
that may contraindicate a general anaesthetic. It 
is also important to note that a subset of patients 
may present in a polytrauma setting, with a high- 
energy injury. In this case, simultaneous assess-
ment and resuscitation in accordance with the 
Advanced Trauma Life Support principles should 
be commenced without delay. The shoulder dis-
location will have to be addressed after the 
patient’s life and limb threatening injuries are 
treated, and their vital signs stabilised.

In the normal anatomical position, the most 
lateral edge of the proximal humerus is the con-
tour of the deltoid as it descends laterally to 
attach to the deltoid tuberosity of the humerus. In 
an anterior dislocation, the humerus lies anterior 
to the glenoid and medial to its normal position. 
Hence, the most lateral edge of the shoulder now 
becomes the lateral edge of the acromion, which 
appears flatter and more ‘square’ in contour when 
viewed anteriorly. This is often an indication that 
the glenohumeral joint is dislocated anteriorly.

Neurovascular examination should be per-
formed and documented both prior to, and fol-
lowing, any attempted reduction. The most 
commonly injured nerve is the axillary nerve, 
owing to its course around the surgical neck of 
the humerus, closely followed by the suprascapu-
lar nerve [9]. These injuries tend to be neuroprax-
ias, which will resolve spontaneously following 
reduction [10, 11], however, in one series, 48% of 
patients had documented nerve injuries following 

Table 11.1 Scapular stabilisers

Upper component Lower component

Levator scapulae Trapezius (lower fibres)

Trapezius (upper fibres) Serratus anterior 
(upper fibres)

Serratus anterior 
(upper fibres)
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dislocation when using electromyography 
(EMG) to aid diagnosis [12]. Risk of nerve injury 
is increased with increasing age, associated frac-
ture and presence of haematoma [10]. Vascular 
injury, whilst rare, can easily be missed owing to 
good collateral circulation around the shoulder. 
Vascular injuries are often associated with neuro-
logical injury, and extensive bruising and swell-
ing in the axilla should raise suspicion, warranting 
further investigation. Injuries to the circumflex 
humeral arteries, as well as axillary artery tran-
section and delayed presentations of pseudoaneu-
rysms have all been reported in the literature 
[13–16].

 Imaging

Anteroposterior radiographs may be difficult to 
interpret [17, 18], particularly in posterior dislo-
cation, so a modified axillary view should be 
sought. 29% of shoulder dislocations have an 
associated fracture, with up to 59% being missed 
on initial assessment [19, 20]. Early computed 
tomography (CT) scan can be useful for deter-
mining injuries to the bony anatomy which may 
require early surgery, while magnetic resonance 
imaging (MRI) has a place in diagnosis of associ-
ated soft tissue injuries after the dislocation has 
been reduced.

 Reduction Techniques

As with dislocation of any joint, early closed 
reduction should be performed in order to reduce 
tension on neurovascular structures [12]. This 
can be carried out under sedation in the 
Emergency Room, or under general anaesthetic, 
with or without muscle relaxant, in the Operating 
Room. Several methods have been described, and 
these are summarized in Table 11.2 below. Care 
should be taken to avoid fracture of the proximal 
humerus during reduction.

If closed reduction is successful, neurovascu-
lar examination should be repeated, and the 
patient placed in a broad arm sling. After 
1–2 weeks, mobilization with physiotherapy can 

begin, focusing on correct scapular posture, 
appropriate coordinated scapulothoracic motion 
exercises and range of motion. The ‘at risk’ posi-
tion of 90° abduction and 90° external rotation 
should be avoided to prevent early recurrence.

The position of sling immobilization is con-
troversial: Itoi et al. showed a reduced rate of 
recurrence for bracing in external rotation versus 
neutral rotation for 3 weeks (42 vs. 26%) [24], 
though these results were not replicated by a sim-
ilar randomized controlled trial in Norway [25].

If closed reduction is not achievable, open 
reduction via a deltopectoral approach should be 
performed. This approach begins at the interval 
between the deltoid and pectoralis major mus-
cles, which is the internervous plane between the 
axillary nerve and medial and lateral pectoral 
nerves.

 Associated Injuries

 Soft Tissue
The anteroinferior glenoid labrum and anterior 
band of the IGHL are most commonly injured in 
a young patient presenting with a first-time 

Table 11.2 Methods of closed reduction for anterior dis-
location of the shoulder

Hippocratic Longitudinal traction applied to the 
arm with the foot placed in the axilla

Kocher With the elbow flexed to 90°, apply 
traction with external rotation, 
followed by adduction and internal 
rotation (NB. High risk of fracture 
and neurovascular 
complications [21])

Stimson Patient prone, apply 4.5 kg weight to 
the affected arm [22]

Rockwood Place a sheet around patient’s chest 
and apply traction in direction of 
deformity, with rotation to disengage 
humeral head from glenoid rim

Milch Patient supine, abduct and externally 
rotate patient’s arm into overhead 
position and ‘thumb’ humeral head 
into glenoid fossa

Scapular 
manipulation

Patient prone, 5–10 lbs of traction 
applied to arm. Push tip of scapula 
medially, with lateral rotation of 
superior aspect of scapula [23]
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 anterior shoulder dislocation. This defect was 
first described by Bankart, with an incidence of 
86–100%, and is known as a Bankart lesion [3].

During anterior dislocation of the shoulder, 
the posterior and superior rotator cuff become 
stretched. As age increases, the cuff degenerates 
and becomes less pliable, and rates of cuff tear as 
high as 54–61% have been reported in those over 
40 years of age (although it cannot be completely 
certain that the tears were not present prior to dis-
location) [26–28]. Correlations between full 
thickness tears of supraspinatus, night pain and 
inability to abduct to 90° have been described 
[26], and, if a rotator cuff tear is suspected, this 
should be investigated at follow-up (with MRI or 
ultrasound scan), given improved outcomes with 
earlier intervention to repair the rotator cuff [29].

Humeral avulsion of the glenohumeral liga-
ment (HAGL—usually affects older patients than 
those with a Bankart lesion), anterior labral peri-
osteal sleeve avulsion (ALPSA) and glenoid 
labral articular defects (GLAD—articular carti-
lage shears off with the labrum) can also occur.

MRI or magnetic resonance arthrogram 
(MRA) are the preferred methods of imaging to 
detect soft tissue lesions. The latter requires 
injection of contrast into the glenhumeral joint, 
and has been shown to be 90% sensitive and 
100% specific for Bankart lesions [30].

 Fractures
The overall fracture rate associated with shoulder 
dislocation is 29%, with independent risk factors 
being:

 – First-time dislocation
 – Age over 40 years
 – Mechanism of injury [26]

Fractures of the humerus, glenoid, or both, 
can occur.

The most common fracture affecting the 
humerus is the Hill-Sachs lesion: a chondral 
defect affecting the posterosuperior aspect of the 
head of the humerus, caused by impaction against 
the anterior rim of the glenoid. Greater tuberosity 
fractures were seen in over 15% of patients in a 
study involving nearly 4000 patients, mostly in 

patients over 50 years of age [31], while proximal 
humerus (as classified by Neer) and surgical neck 
fractures arising less commonly (both are also a 
risk during reduction).

Anteroinferior fractures of the glenoid rim, 
the result of either avulsion of the labrum or 
impaction of the humeral head as it dislocates, 
are known as bony Bankart lesions. CT is the 
optimal imaging modality for assessment of bony 
injuries, giving information in terms of location, 
size and depth.

 Management

As discussed earlier, following an acute anterior 
dislocation of the shoulder, treatment with a sling 
(in external or neutral rotation) and physiother-
apy are often the first-line treatment. However, 
rates of recurrent dislocation can be as high as 
87% at 2 years following first dislocation [5, 32], 
with some surgeons proposing early stabilization 
for those at risk of developing instability [33].

Instability symptoms can be revealed either by 
a history of recurrent dislocation episodes, or 
during clinical examination. The ‘apprehension 
test’ is performed by placing the patient’s arm 
into 90° of abduction and external rotation, and, 
when positive, is accompanied by a feeling that 
the shoulder may dislocate. The ‘relocation sign’ 
reduces apprehension through the application of 
an antero-posterior force, with both tests being 
indicative of unidirectional instability.

 Risk Factors

A number of studies have demonstrated younger 
age at time of dislocation (<25 years) to correlate 
with risk of recurrence, with other intrinsic risk 
factors including sex (males are 3.2 times more 
likely to suffer recurrent instability than women), 
hypermobility and bony and soft tissue lesions at 
the time of injury [34]. For example, a large Hill- 
Sachs can ‘engage’ with the glenoid rim, leading 
to dislocation through leverage of the head out of 
the joint, or a large glenoid rim fracture can affect 
conformity of the joint and lead to recurrent 
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 dislocation (glenoid rim fractures are seen in 
49% of recurrent dislocators).

Extrinsic, or modifiable, factors include: par-
ticipation in contact sports and occupation 
involving activity above chest height [5, 35].

 Recurrent Instability
The rationale for reducing the incidence of recur-
rence through surgical intervention originated 
following evidence that rates of re-dislocation 
reduced following early arthroscopic lavage, ver-
sus traditional non-operative management (20 vs. 
60%) [36]. A number of randomized controlled 
trials have demonstrated superiority of early 
arthroscopic surgery techniques over non- 
operative management for young, active, first- 
time dislocators (22 vs. 92% and 14 vs. 80%, 
respectively) [37, 38]. This evidence was sup-
ported by a Cochrane review (239 patients, mean 
age of 22 years-old), showing that instability was 
statistically significantly lower in the operative 
group [39].

 Operative Techniques
Decision-making in terms of operative approach 
is dependent on assessment of patient factors and 
injury pattern. Specific soft tissue or bony lesions 
that are the direct cause of instability should be 
identified and addressed to provide an optimal 
outcome.

In the young (<25 years), athletic patient with 
a Bankart lesion, arthroscopic stabilization has 
been shown to yield excellent outcomes and 
return to previous activity levels, with low rates 
of recurrent dislocation [5]. A ‘double-breasting’ 
of the anterior capsule is performed, and the 
Bankart lesion reattached to the glenoid using 
suture anchors, thus providing an anterior 
restraint to the humeral head. The additional ben-
efit of arthroscopic surgery over more traditional 
open techniques is the ability to perform a full 
diagnostic visualization of the joint, thus allow-
ing identification of lesions, such as a HAGL, 
that might otherwise be missed.

In the presence of bony deficiency of the gle-
noid (15–20%), the risk of failure following 
arthroscopic Bankart repair is high. For these 
patients, the Bristow and Latarjet procedures 

have been described. The coracoid process is 
osteotomised and transferred to the site of the 
anteroinferior area of glenoid bone loss: the orig-
inal description of the Bristow repair involved 
passing the coracoid fragment and conjoint ten-
don underneath subscapularis, but the Latarjet 
approach of passing the coracoid through sub-
scapularis has gained increasing popularity, con-
ferring the triple benefit to stability of:

 1. Repair of the capsule
 2. Restoring the surface area of the glenoid
 3. Providing constraint to the joint when the arm 

is abducted and externally rotated to reinforce 
the antero-inferior capsule

For large, ‘engaging’ lesions of the humeral 
head (Hill-Sachs defects of >25% surface area), 
the ‘Remplissage technique’ can be employed to 
reduce risk of dislocation, where infraspinatus 
and posterior capsule are sutured into the defect. 
Alternatively, rotational osteotomy of the head or 
allograft reconstruction of the defect (e.g. using 
iliac crest bone graft) may be performed, and 
arthroplasty forms a last resort in lesions that 
cannot be reconstructed by any other means.

No operative procedure is without risk, how-
ever, and, as with all surgical intervention, benefit 
to the patient must be weighed against potential 
complications. Recurrence, although much lower 
than with conservative treatment, remains the 
greatest risk following stabilization, followed by 
infection and neurovascular injury. Furthermore, 
future risk of degenerative arthritis has not yet 
been quantified with these techniques, as has 
been seen with now historical, techniques such as 
the Putti-Platt and Magnuson-Stack approaches, 
which resulted in over-tightening of the joint and 
increased loading of the glenoid.

 Posterior Dislocation 
of the Glenohumeral Joint

Posterior dislocations of the glenohumeral joint 
account for around 2% of shoulder dislocations 
[40, 41]. Mechanism of injury is commonly a fall 
directly onto the shoulder, such as during a 
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 seizure, resulting in an anteroposterior force to 
the humeral head. Alternatively, adduction and 
axial loading of the arm may also result in poste-
rior dislocation. It is estimated that almost 50% 
of posterior dislocations may be missed on initial 
examination [42].

 Examination

A history of the causative event should be taken: 
clinical examination will reveal a decreased 
range of movement, particularly external rota-
tion, as the head of the humerus is trapped poste-
rior to the glenoid. The arm will be held in 
internal rotation.

 Imaging

Posterior dislocations can be subtle on AP radio-
graphs of the shoulder. A ‘light bulb’ sign may be 
seen, in which the humeral head appears sym-
metrical, with the greater tuberosity missing 
owing to the internal rotation of the head [43]. An 
axillary or scapular Y view is necessary for 
assessment of the position of the humeral head 
relative to the glenoid.

CT may be useful in cases where diagnosis is 
uncertain and for assessment of associated bony 
injuries.

Ultrasound or MRI scan can be used for evalu-
ation of the rotator cuff in cases where there is 
suspicion of a tear.

 Associated Injuries

65% of posterior dislocations have an associated 
fracture or rotator cuff tear, and in the absence of 
a fracture, the risk of a cuff tear increases by 4.6 
times [44].

 Soft Tissue
The posterior band of the inferior glenohumeral 
ligament (IGHL) is the primary restraint to inter-
nal rotation, and may be avulsed or torn during 
posterior dislocation.

Avulsion of the postero-inferior labrum, or a 
posterior Bankart lesion, can also occur as a 
result of acute dislocation. Occasionally, the 
labrum may appear intact superficially, but the 
deep portion is avulsed (known as a Kim lesion).

Labral cysts and capsular pouches are more 
commonly the result of chronic posterior 
instability.

 Fractures
Following posterior dislocation, the anteromedial 
aspect of the humerus becomes impacted against 
the posterior glenoid rim. This can result in 
indentation, or fracture, of this surface of the 
humeral head, known as a Reverse Hill-Sachs, or 
McLaughlin, lesion. If the lesion is less than 25% 
of the articular surface of the humeral head, this 
is considered to be small, 25–50% medium and 
more than 50% large [45].

Posterior glenoid rim fractures may also be 
present, caused either by the humeral head abut-
ting against it at the time of dislocation, or as an 
avulsion fracture associated with the postero- 
inferior labrum.

Lesser tuberosity fractures are rare in isola-
tion, and should raise suspicion of a posterior dis-
location when seen on X-ray. The subscapularis 
muscle forms the primary dynamic restraint in 
external rotation, and can cause avulsion of the 
lesser tuberosity at the time of injury.

 Management: Closed Reduction
Closed reduction can be performed under sedation 
or general anaesthetic. The technique for closed 
reduction was first described by Hippocrates, who 
advocated internal rotation of the arm, flexion of the 
elbow and reduction of the shoulder from behind. 
Longitudinal traction may be preferred, with the 
addition of flexion and adduction of the shoulder. If 
the humeral head is impacted on the posterior aspect 
of the glenoid rim, internal rotation may be required 
to disimpact the head before traction is applied. 
Care should be taken to avoid fracture of the 
humeral head or neck during this manoeuvre. If 
stable following reduction, the arm should be 
immobilized in a broad arm sling for 3–4 weeks (in 
neutral rotation or 10–20° of external rotation) 
before commencement of physiotherapy.
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 Management: Open Reduction
If closed reduction is not possible, open reduc-
tion via the deltopectoral approach should be per-
formed. Owing to the deformity of the 
glenohumeral anatomy, the biceps tendon can be 
used for reference, in order to safely identify the 
lesser tuberosity and rotator interval prior to 
making a capsulotomy and accessing the humeral 
head.

 Management: Recurrent Instability 
and Internal Fixation
Following a traumatic posterior dislocation, 
patients may proceed to develop recurrent insta-
bility. It is important to distinguish those with 
true structural abnormalities, as described above, 
from patients with muscle patterning problems, 
multidirectional instability (with global capsular 
insufficiency) or dislocations secondary to a psy-
chological issue.

A clear history of trauma, clinical examina-
tion and appropriate investigation can be used to 
determine patients appropriate to undergo surgi-
cal intervention for recurrent instability.

Clinical examination should include:

 – ‘Posterior stress test’, where the arm is place 
in 90° flexion and internal rotation and a pos-
terior force applied (a clunk is felt as the 
shoulder subluxes and reduces).

 – ‘Kim test’, with the patient seated, the arm is 
placed in 90° of abduction, and gradually 
flexed to 45° while an axial load is applied to 
the elbow, forcing the humerus in a postero- 
inferior direction. Pain indicates a positive 
test.

 – ‘Drawer test’, the shoulder is abducted to 30° 
and a posterior force applied to the head of the 
humerus. Posterior laxity is evident in 
instability.

As mentioned previously, CT is helpful in 
determining bony abnormalities, while MRI, 
with arthrogram, is useful in the diagnosis of soft 
tissue abnormalities.

Patients in whom recurrent instability devel-
ops with posterior Bankart or Kim lesions can be 
treated with posterior labral/Bankart repair and 

capsular shift. This can be performed either 
through an open approach or arthroscopically.

In the presence of no bony injury, or a small 
(<25% articular surface) reverse Hill-Sachs 
lesion, instability is unlikely. Medium and large 
lesions can lead to symptomatic instability, for 
which two open procedures have been described.

 1. McLaughlin Procedure—Transfer of the sub-
scapularis into the humeral head at the site of 
the bony defect [46].

 2. Neer Procedure—Osteotomy of the lesser 
tuberosity and transfer into the bony defect [47].

Rotational osteotomy, intended to maintain 
the bony defect anterior to the glenoid, and 
allograft/autograft reconstruction have also been 
described with similar results [48–51].

Arthroplasty (hemiarthroplasty or total shoul-
der replacement) is a final option for large lesions 
(>50%) where there is poor bone stock or signifi-
cant arthritis of the humeral head and glenoid 
[52, 53].

 Chronic Posterior Dislocation

Chronic posterior dislocation, following an unrec-
ognized acute posterior dislocation, poses a par-
ticular treatment dilemma. Closed reduction may 
not be possible 3 weeks after injury [45], and in 
the elderly, non-operative treatment is an option, 
giving reasonable outcomes [54, 55]. For patients 
with chronic dislocation <6 months old, open 
reduction with a McLaughlin or Neer procedure is 
the preferred option, but for those >6 months old, 
arthroplasty should be considered [55].

 Acromioclavicular Joint Injuries

 Anatomy

The clavicle provides the main osseous connec-
tion between the thorax and the shoulder girdle. 
It maintains the lateral position of the shoulder, 
resisting the combined actions of trapezius and 
pectoralis major. Medially, the clavicle circum-
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ducts around the sternoclavicular joint and, later-
ally articulates with the medial clavicular facet of 
the acromion.

The acromioclavicular joint (ACJ) contains a 
fibrocartilaginous disc, that can be either complete 
or partial (meniscoid) in nature. Stability of the 
ACJ is detmerined by the capsular (acromiocla-
vicular) and extracapsular (coracoclavicular) liga-
ments. The strongest acromioclavicular ligament 
is the superior ligament, which is also augmented 
by the attachments of deltoid and trapezius. The 
majority of anteroposterior stability of the ACJ is 
provided by the acromioclavicular ligaments, with 
superoinferior stability conferred by the coraco-
clavicular ligaments. The conoid (medial) and 
trapezoid (lateral) ligaments originating at the 
base of the coracoid process, attaching to the infe-
rior surface of the clavicle. They are the primary 
suspensory ligaments of the upper limb.

 ACJ Dislocation

ACJ dislocation is most common among young 
men, and is often the result of direct injury to the 
shoulder tip or a fall onto the elbow: force spreads 
through the acromioclavicular ligaments initially, 
followed by the coracoclavicular ligaments, and, 
in a complete injury, through the coracohumeral 
ligaments. The result is inferior translation of the 
upper extremity, clinically presenting as promi-
nence of the distal end of the clavicle.

 Classification

Classification systems relating to the ACJ are 
based on the degree of damage to the acromiocla-
vicular and coracoclavicular ligaments. Tossy, 
Mead and Sigmond [56] and Allman [57] 
described three categories of ACJ disruption 
based on an AP radiograph of the shoulder, with 
Rockwood [58] later adding a further three:

 1. Acromioclavicular ligaments sprained, cora-
coclavicular ligaments intact.

 2. Acromioclavicular ligaments ruptured, cora-
coclavicular ligaments sprained.

 3. Both acromioclavicular and coracoclavicular 
ligaments ruptured. Clavicle displaced 
superiorly.

 4. Both acromioclavicular and coracoclavicular 
ligaments ruptured. Clavicle displaced poste-
riorly, button-holing through trapezius 
muscle.

 5. Both acromioclavicular and coracoclavicular 
ligaments ruptured. Marked superior disloca-
tion of the clavicle. Deltoid and trapezius 
detached.

 6. Both acromioclavicular and coracoclavicular 
ligaments ruptured. Clavicle displaced infe-
rior to acromion and coracoid process.

 Management

 Types 1 and 2
The majority of type 1 and 2 ACJ injuries can be 
managed conservatively, with a broad arm sling, 
for 1–2 weeks. However, it has been argued that 
these injuries are not as benign as previously 
thought, with one series showing only 50% of 
patients to be asymptomatic after 6 years [59]. 
Nearly one third of patients developed chronic 
ACJ pathology requiring subsequent surgery, 
with a similar number reporting activity-related 
pain. Athletes and manual labourers, particularly 
those involved in overhead activities or with car-
rying objects on their shoulders, may require 
later surgery.

 Type 3
The management of type 3 ACJ injuries is con-
troversial: currently there is limited evidence for 
the superiority of either operative or non-opera-
tive treatment in the treatment of these injuries. 
 Meta- analyses and systematic reviews on the cur-
rent evidence have found that, while operative 
management is associated with improved cos-
metic outcome, it also has a higher complication 
rate, longer recovery and greater time for return 
to work and sport [60–62].

 Types 4, 5 and 6
Owing to the significant displacement of these 
injuries, operative management is generally 
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 recommended, as instability and impingement 
symptoms can persist with non-operative 
management.

Numerous techniques are available for resto-
ration of ACJ alignment. In 1972 Weaver and 
Dunn [63] described their classic procedure, 
involving excision of the lateral clavicle and 
transfer of the coracoacromial ligament from the 
acromion to the lateral end of the clavicle. This 
has undergone several modifications [64], with 
newer developments such as the Tightrope 
(Arthrex) and Surgilig (Surgicraft) offering fur-
ther options for securing the ACJ in an anatomi-
cal position using attachment through, or around, 
the coracoid. The lateral clavicle hook plate is 
also an option, but in the majority of cases the 
plate will require removal at a later stage to avoid 
impingement. In patients with chronic symptoms 
or post-traumatic osteolysis, excision of the acro-
mioclavicular joint and distal 5–10 mm of the 
clavicle, the Mumford procedure, performed 
through a ‘bra-strap’ incision, provides satisfac-
tory outcomes [65].

 Summary

 – Dislocations of the shoulder girdle are com-
mon injuries, particularly anterior glenohu-
meral dislocations.

 – Appropriate imaging and clinical examination 
should be performed both before and follow-
ing attempted reduction.

 – Reduction should be performed expediently 
in the emergency room, or operating 
theatre.

 – If closed reduction is not possible, open reduc-
tion should be performed through a deltopec-
toral approach.

 – Initial management is in a sling in external or 
neutral rotation

 – In young patients (<25 years) who take part in 
contact sports, risk of recurrence is high, and 
early stabilization should be considered.

 – There is a strong association between disloca-
tions of the glenohumeral joint and soft tissues 
injuries and fractures. If instability occurs, 

these must be investigated and dealt with 
appropriately to restore stability.

 – Management of acromioclavicular joint inju-
ries remains controversial, with the possibility 
for operative anatomical reduction and early 
or late ligament reconstruction, or late exci-
sion of the joint and distal clavicle being 
shown to yield satisfactory results. Patient fac-
tors must be taken into account when consid-
ering operative treatment.

Questions
 1. What is the most common fracture type after 

shoulder dislocation?
 A. Bony Bankart
 B. Greater tuberosity
 C. Surgical neck of humerus
 D. Hill-Sachs
 E. Coracoid

D

 2. You decide to operate a 21 year old male 
patient with recurrent shoulder dislocation 
arthroscopically. Which of the following do 
you expect to see damaged most common 
intraoperatively?
 A. Posterior band of IGHL
 B. SGHL
 C. MGHL
 D. Rotator cuff
 E. Anterior band of IGHL

E

 3. 40 year old female patient with a traumatic 
anterior left shoulder dislocation admitted to 
hospital after a fall from the stairs one year 
ago. A closed reduction was performed and no 
other pathology was observed. She has been 
suffering from recurrent dislocations since 
then. A glenoid defect of %30 was detected on 
her CT. What would be your first choice of 
treatment?
 A. Conservative treatment with PT
 B. Diagnostic arthroscopy
 C. Laterjet procedure + arthroscopy
 D. Remplissage procedure
 E. Shoulder arthroplasty

D. Ryan and M. Rashid
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What’s new?
There is a conflict about the stabilization of 

AC joint dislocations with hook plate. The study 
of Canadian Orthopaedic Trauma Society which 
shows no difference between non-operative and 
operative treatment of acute AC joint dislocation, 
may change our treatment algorithm.

Multicenter Randomized Clinical Trial of 
Nonoperative Versus Operative Treatment of 
Acute Acromio-Clavicular Joint Dislocation. 
Journal of Orthopaedic Trauma, November 2015, 
Canadian Orthopaedic Trauma Society.
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Scapula and Glenoid Fractures

Egemen Turhan, Mehmet Kaymakoglu, Gazi Huri, 
and Mahmut Nedim Doral

 Introduction

Scapula fractures are not frequently seen even in 
trauma centers. They comprise only less than 1% 
of all fractures and 3–5% of fractures involving 
shoulder region [1, 2]. This low rate is explained 
with its close position to elastic chest wall, sur-
rounding thick shoulder girdle muscles and soft 
tissues and high mobility of shoulder girdle. 
Therefore, scapula fractures are highly associated 
with high energy trauma such as vehicle accidents 
or falling from height. Although rare bilateral 
cases were seen in the literature, scapula fractures 
almost occur unilaterally as a matter of course [3]. 
Scapula fractures can be misdiagnosed in poly-
trauma patients because of less attention given 
when other concomitant severe injuries exist.

Treatment strategies varies from conservative 
to open reduction and fixation, as well as arthros-
copy assisted techniques which became more 
popular in the last decade especially in glenoid 
fractures. Management of these fractures would 
be challenging for some surgeons due to its rarity 
and lack of experience. Lack of large patient 
groups makes the agreement on the treatment and 

indications difficult. Thus, numerous surgical or 
conservative management strategies can be found 
in the literature. Open reduction techniques is 
associated with good end results, on the other 
hand arthroscopy assisted techniques are applied 
only by experienced artroscopists. In this chapter 
we discuss the nature of scapula fractures, its 
classifications and current treatment strategies.

 Anatomy

Scapula is like a rudder of the shoulder girdle. It 
stabilizes the shoulder and on the other hand 
helps the glenohumeral joint’s circumduction 
which has the highest range of motion of the 
entire body. It has a flat, triangular shape with a 
spine on posterosuperior side extending from 
medial side to glenoid fossa. Scapular spine 
touches slightly posterior side of the glenoid 
fossa, goes towards superiorly and forms the 
acromion. On the sagittal plane it is slightly con-
cave to correspond the shape of thoracic wall. 
This concavity is named subscapular fossa. 
Coracoid process stems from the superior side 
and heads towards anteriorly and laterally. 
Suprascapular notch, in which suprascapular 
nerve and artery run through, lies just medial to 
the coracoid.

Medial, lateral and superior borders of the 
scapula are thicker, as many muscles has inser-
tion on these areas. Medial border is the site of 
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muscles that connect the scapula to axial skeleton 
(e.g. levator scapula, rhomboid muscles, serratus 
anterior) Lateral border is the origo site of teres 
major, teres minor and some bundles of subscap-
ularis on the anterior lip. Trapezius muscle is the 
main muscle group that attaches to the superior 
border. Posterior bundles of deltoid also attaches 
to the spine of scapula. Infraspinatus and supra-
spinatus cover the two self-titled fossas on the 
posterior and anterior concavity is filled with 
subscapularis muscle. These three muscle is 
responsible for rotating the humerus and named 
‘rotator cuff’ together with teres minor muscle.

 Shoulder Suspensory Complex

Scapula provides stability to the shoulder with 
a complex bony and soft tissue ring called 
‘Superior Shoulder Suspensory Complex’. This 
complex is made of various ligaments and bone 
structures. The bone structure composed of two 
struts: superior and inferior. Superior strut is 
made of the middle third of the clavicle and the 
inferior strut is formed by the upper border of 
the junction of scapular neck and body. Bony/
soft tissue complex was divided into three units 
by Goss: acromioclavicular joint and liga-
ments, coracoclavicular ligaments and junction 
of glenoid, coracoid and acromion [4]. This 
structure shows us the importance of soft tissue 

linkage between the scapula and axial skeleton. 
We will discuss its injuries in Goss classifica-
tion section.

 Classification

Petit who is a french surgeon in eighteenth cen-
tury, was the first phycisian described the scapula 
fractures [5]. We can simply divide the scapula 
fractures into four groups, as Ada and Miller 
et al. did in 1991 [6]. These groups consist frac-
tures of processes, scapular neck fractures, gle-
noid fossa fractures and body fractures. Today, 
many classification systems exist but there is no 
consensus about which one should be used [7–9]. 
Most widely used classification systems are AO/
OTA New International Classification System for 
Scapula Fractures, Ideberg classification for gle-
noid fossa fractures and the Goss Classification 
for shoulder suspensory complex injuries.

 AO/OTA Classification

In 2013, AO represented its new modified classifica-
tion system called ‘New International Classification 
System for Scapula Fractures’ (Fig. 12.1). One year 
later, Neuhaus et al. found the interobserver reli-
ability of New Classification System higher than 
the previous AO/OTA Classification [10].

Scapula Fractures

Type B: Partial-articular Type C: Total-articularType A: Extra-articular

Extra-articular
glenoid neck

Intra-articular
with neck

Intra-articular
with body

Acromion Coracoid Body Anterior rim Posterior rim Inferior rim

Fig. 12.1 AO/OTA classification
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 Ideberg Classification

Ideberg et al. published a classification system 
for glenoid fractures in 1995, after reviewing 
more than 100 glenoid fractures [11]. He found 
that the most common fracture of glenoid fossa is 
associated with shoulder dislocation and avulsion 
fracture of anterior margin of glenoid is the most 
broken site of glenoid. You can find a summary of 
Ideberg Classification below (Table 12.1) [11].

 Goss Classification

Goss summarized superior shoulder suspensory 
complex (SSSC) injuries and defined a classifica-
tion system in 1995 [12]. He divided these inju-
ries into two; single disruptions with only one 
ligament torn in SSSC ring and double unstable 
disruptions which requires surgical stabilization 
[4]. He stated that double disruptions make the 
shoulder girdle unstable and result in displace-
ment of the fracture site. If any suspicious injury 
about SSSC occurs, careful clinical examination, 
weight-bearing AP X-rays and a CT-scan is 
needed to reveal the exact injury. You can find 
Goss’ specification in Table 12.2. Physicians 
must be careful at assessing the type of SSRC 
disruption, as fracture of one bony strut with a 

double disruption of SSRC can create ‘Floating 
Shoulder’. For example, glenoid neck and 
 clavicle fracture with torn CC ligaments can 
demonstrate this circumstance.

 Treatment of Scapula Fractures

An orthopaedic surgeon has various treatment 
strategies among patients with scapula fractures. 
The main principle of scapula fracture treatment 
is to preserve range of motion of shoulder joint. 
Because of the complex structure of shoulder 
joint with many ligaments and soft tissues e.g. 
rotator cuff, pain is the main complaint after the 
treatment, as many associated injuries can occur 
even after a simple glenohumeral dislocation 
[13]. Instability and preventing osteoarthritis is 
the main indications for surgical treatment. 
Generally, non displaced fractures of the scapula 
tend to be treated more conservatively. 
Intraarticular fractures namely glenoid fractures 
are treated surgically, especially if there is a step 
in articular surface or if the broken part is more 
than 25% of the whole glenoid.

Main principles in assessment of scapula frac-
tures should not be forgotten; a concise neurologi-
cal and vascular examination should be performed 
for each patient in ER. Because of high incidence 
of concomitant injuries in scapula fractures, care 

Table 12.1 Ideberg classification

Type 1: Anterior glenoid rim fracture. Type 1A with a 
fracture fragment of 5 mm or less, and type 1B with a 
fracture fragment larger than 5 mm.

Type 2a: Inferior glenoid fracture involving part of the 
neck

Type 3: Superior glenoid fracture extending through 
the base of the coracoid process.

Type 4: Horizontal fracture involving both scapula 
neck and body. Fracture line always runs inferior to 
the spine of the scapula.

Type 5: Horizontal fracture (as in type 4), with an 
additional complete or incomplete neck fracture.

Table 12.2 Goss classification

Single disruptions

• Type A: Single disruption by a break

• Type B: Single disruption by ligament injury

Double disruptions

• Type C: Double ligament injury

• Type D: Double break

• Type E: Combined bone and ligament disruption

• Type F: Both struts disrupted

• Type G: One strut and one ring disruption

12 Scapula and Glenoid Fractures
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should be taken for the whole body. Physicians 
should never be forget that polytrauma patients 
and high energy injuries have the highest risk for 
scapula fractures, hence other fractures and organ 
injuries usually accompany a scapula fracture. 
Many missed scapula fracture cases were pub-
lished in the literature [14].

Conservative treatment is applied with a 
2–3 week long immobilization with a sling. After 
this period, the patient must be referred to a phys-
iotherapist to start pendular exercises to avoid 
frozen shoulder. After 1 month the patient can 
start active range of motion exercises and finally, 
strengthening of shoulder muscles [15]. There 
are some good results in the literature with con-
servative treatment of scapula fractures. Bozkurt 
et al. reported acceptable results in patients with 
scapula neck fractures in which conservative 
treatment were applied [16].

There is a debate in operative treatment 
indications. The main treatment strategy is 
open reduction and internal fixation for dis-
placed body and neck fractures, however many 
authors recommend arthroscopically assisted 
fixation for glenoid and even coracoid frac-
tures. Imaging with a CT scan should be per-
formed to assess the exact type of fracture 
before surgery. Below, we will discuss each 
individual scapula fracture type.

 Scapula Neck Fractures

Neck fractures is the hardest type to decide 
whether conservative or surgical treatment is 
appropriate. The main consensus is that if the 
coracoacromial or coracoclavicular ligaments are 
intact, the fracture are accepted as more stable. 
Authors recommend open reduction for fractures 
with the suspensory ligaments (CA-CC) are torn 
[17]. Usually, the glenoid displaces anteriorly 
and medially because of the tonus of muscles 
attached to glenoid. This rotational displacement 
can be measured with ‘glenopolar angle’ 

(Fig. 12.2). Normal values are 30–45° and less 
than 20° is indicative for operative treatment. 
Plate fixation is recommended for the open 
reduction and internal fixation. Well-known Judet 
approach can be used for this type of fracture.

 Judet Approach

Judet described this approach in 1964 for opera-
tive treatment of scapula fractures [18]. It creates 
a bow-like incision line starting from glenoid to 
superomedial corner of scapula and extends 
down till the inferior border of scapula. It gives 
opportunity to reach almost all areas of scapula. 
It is indicated in scapular spine, neck, body and 
posterior glenoid rim fractures. During the inci-
sion process, the skin is raised like a flap and del-
toid muscle is retracted laterally. After that 
dissection of infraspinatus and teres minor is 
made and an interval between this muscles is cre-
ated (Fig. 12.3).

Fig. 12.2 Glenopolar angle
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 Glenoid Fractures

Glenoid fossa fractures differs from other type of 
scapula fractures with joint involvement. This 
feature manifests itself with sensitive criteria of 
joint congruity for surgical fixation. Surgery is 
recommended for about 5 mm articular step or 
20–30% involvement of articular surface. 
Deltopectoral approach can be used for fixation 
of glenoid. The most common type of glenoid 
fracture is the anteroinferior rim displacement 
after shoulder dislocation. This gived the idea to 
some authors that arthroscopy can be used in 
fixation of bony lesions. Recently, many papers 
were published good results with arthroscopi-
cally assisted fixation. Sugaya et al. stated that 
successful fixation with suture anchors in patients 

with an average of 27% bone loss of glenoid can 
be performed [19].

 Body Fractures

Body fractures are generally managed conserva-
tively, if there is no any malalignment between 
glenoid and lateral border of the scapula. 
Attention to the spine of scapula must be given as 
trapezius and deltoid muscles can displace the 
fracture line and cause malunion and pain. Open 
reduction and fixation are being used more these 
years, as recent papers give courage to trauma 
surgeons about how good end results ORIF has. 
A 3D-CT scan must be performed to evaluate the 
exact pattern of the fracture line [20].

 Our Case

Thirty-four year old male patient was evaluated 
after a traffic accident in ER. His left shoulder 
was tender and had a very limited range of 
motion. After his full complete examination, his 
first AP shoulder X-ray is below:

 

Fig. 12.3 Judet approach
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Picture 1.

 

Picture 2–3. After the first examination and plain 
radiograph, a CT-scan was performed to under-
stand the exact fracture pattern. Glenoid fracture 

with distal AC joint dislocation was seen on 
CT-scan.
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Picture 4–5. Open reduction and internal fixa-
tion was performed with two recon plates, one 
cannulated screw and two K-wires. CC ligament 
repair was made with one anchor.

Questions
 1. In which situation would you prefer conserva-

tive treatment in a patient with shoulder girdle 
injury?
 A. Displaced clavicle fracture with CC liga-

ments torn
 B. Glenoid neck fracture with glenopolar 

angle less then 20 degrees
 C. AC seperation type 2
 D. Glenoid fossa fracture with 40% involve-

ment of articular surface
 E. Displaced clavicle fracture + coracoid 

process fracture
C

 2. You examine a 60 year old male patient with 
left shoulder pain after a traffic accident. After 
the evaluation you diagnose a displaced gle-
noid fossa fracture and perform an OR-IF 
with deltopectoral approach. The patient was 
well after the operation but complains about 
his left shoulder pain aggrevated with motion 
after 6 months. You cannot see any non-union 
or implant failure on his x-rays. Which of the 
following is the most probable misdiagnosis 
at his referral to hospital after trauma?
 A. Vascular injury
 B. Servical neck injury
 C. Brachial plexus injury
 D. Rotator cuff injury

D. Rotator cuff injury is the most com-
mon misdiagnosed injuries after 
shoulder trauma.
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Inflammatory Arthropathy of the 
Shoulder

Kadir Büyükdoğan, Gazi Huri, Ashnaa Rao, 
and Mahmut Nedim Doral

Inflammatory Arthropathy is the term used to 
describe a group of diseases that results in chronic 
inflammation. The shoulder is commonly affected 
by the chronic systemic diseases such as rheuma-
toid arthritis (RA) and spondyloarthritis (SpA) 
and mainly manifest with inflammation of the 
joints as well as joint pain and stiffness [1]. In a 
patient with inflammatory arthropathy, the 
immune response is ongoing and lacks the ability 
to self-regulate or stop, and the body can attack 
the lining of the joints, and the joints become 
swollen, stiff and painful. Usually, the joints of 
the hands and feet or axial skeleton are affected 
first, but many people with inflammatory are 
severely affected in their shoulders.

 Introduction

The shoulder is involved in up to 70% of the 
patients with rheumatoid arthritis (RA) and 25% 
of the spondyloarthritis (SpA) patients [1]. 

Patients generally report symptoms of pain and 
restriction of movements [2]. Synovitis, bursitis 
and tendinitis decreases muscle strength, cause 
persistent pain, reduced range of motion and joint 
destruction, which may lead to functional loss 
and difficulties with daily activities [3].

Among seronegative spondyloarthropathies, 
psoriatic arthritis and ankylosing spondylitis (AS) 
are the most common processes to affect the gleno-
humeral joint [4]. In some AS patients, the entire 
superolateral aspect of the humeral head is destroyed 
by the erosive process and results in a characteristic 
defect of the humeral head, the so- called hatchet 
sign. Ankylosing spondylitis has similar radio-
graphic findings with rheumatoid arthritis, except 
for the findings of subchondral sclerosis, irregular 
bony proliferation about the erosions and at tendon 
attachment sites and rarely ankylosis of the joint [5].

Rheumatoid arthritis is the most common 
inflammatory arthropathy to involve the shoulder. 
The prevalence of rheumatoid arthritis is believed 
to be in the range from 0.4 to 1.3% worldwide. 
This prevalence of rheumatoid arthritis has 
increased over time likely as a result of changes in 
the environment and an increasing emphasis that 
is placed on the treatment and early diagnosis of 
rheumatoid arthritis. It is also estimated that two 
out of three patients that are diagnosed with rheu-
matoid arthritis have shoulder involvement. 
Shoulder symptoms are more common in patients 
with positive rheumatoid-factor serology and joint 
destruction, particularly at the hands and wrists 
[6]. It is also common for the joint involvement in 
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rheumatoid arthritis to be  symmetrical. So if one 
shoulder is affected, it is likely that the other one 
will be as well [7]. Under the title of inflammatory 
arthropathies of shoulder rheumatoid arthritis will 
be discussed in this chapter.

 Clinical Presentation

Symptoms associated with rheumatoid arthritis 
in the shoulder are tenderness and warmth in the 
joints, stiffness in the shoulders, rheumatoid 
nodules under the skin in the shoulder and arm 
area, weight loss, low-grade fever and fatigue. 
Patients often are unaware of the early loss of 
motion, perhaps because of their ability to com-
pensate with motion at adjacent joints or with 
the contralateral extremity. Other symptoms 
include joint damage, redness, pain, swelling, 
loss of function, and inflammation. As disease 
progresses, patients may find it difficult to per-
form activities of daily living, even they have a 
well-functioning elbow and hand [8]. Besides 
glenohumeral joint, RA may affect acromiocla-
vicular joint (AC) and sternoclavicular joint as 
well. There are studies reporting the AC joint 
involvement occur with 28–40% incidence. 
However in long term two- thirds of the patients 
with RA showed involvement of the AC joints. 
Erosions were located most often on the inferior 
margin of the joint [9].

If both the glenohumeral and AC joints are 
affected then there would be pain throughout the 
shoulder. It is also common to have night pain 
and limited range of shoulder motion [7]. 
Shoulders involved with RA have frequently 
damage to rotator cuff. One-quarter to one-half 
of patients with rheumatoid arthritis of the shoul-
der joint have at least one large rotator cuff tear 
[10, 11]. Furthermore, tendinitis, pannus forma-
tion, fatty degeneration of the rotator cuff mus-
cles and muscle atrophy result in superior 
migration of humeral head and subacromial 
impingement (Fig. 13.1). This may cause further 
pain which in turn, initiates a vicious cycle of 
inactivity, progression of the disease and further 
joint destruction [12].

 Radiology

Earliest radiographic characteristics of RA in a 
plain film is regional osteopenia of the humeral 
head or glenoid. With disease progression, mar-
ginal erosions and cysts become apparent at the 
inferior margin of the joint lines. Inflammation is 
greatest at sites of soft-tissue insertion usually 
adjacent to the greater tuberosity. At least 3 
months of active disease usually are required 
before irreversible joint changes, such as carti-
lage thinning and bone erosion, can be seen. The 
AC joint space may be narrowed or widened. 
Erosions of the AC joint may occur on either side 
of the joint but are more common on the clavicle 
[7]. Glenoid erosions can be central or periph-
eral. Glenohumeral joint space narrowing is com-
mon with progressive RA. Superior subluxation 
of the humeral head on the glenoid fossa may 
indicate substantial cuff atrophy or damage.

An ultrasound can also be used to observe 
some of the manifestations of rheumatoid arthri-
tis. Some of the features that sonography findings 
include are synovial proliferation and inflamma-
tion of the superficial joints, bursitis and tenosy-
novitis of biceps tendon. Computed tomography 
may be indicated to determine the extent of 
humeral head defects and glenoid articular 

Fig. 13.1 Note the erosion of the superolateral aspect of 
the humeral head because of pannus formation
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 erosions. This is particularly important in evalu-
ating glenoid erosion to determine implant type.

Currently MRI is commonly used and is partic-
ularly sensitive to detect the features of rheumatoid 
arthritis. In comparison with US, contrast-enhanced 
MRI is significantly more sensitive in evaluating 
rheumatoid shoulders, and less operator dependent 
in detecting tenosynovitis, bursitis and cuff tears 
[13]. Some of the features that are demonstrated 
with an MRI in rheumatoid arthritis are synovial 
hyperaemia, synovial hyperplasia, pannus forma-
tion, decreased thickness of cartilage, subchondral 
cysts and erosions, juxta-articular bone marrow 
edema, and joint effusions [14]. In the late stages of 
RA, some parts of hypertrophic villi may detach 
and appear as rice body in joint cavity. Usually they 
are diagnosed on MR as multiple intra-articular or 
intrabursal bodies that demonstrate decreased T1 
and T2 signal intensity. Although rice bodies are 
not pathognomonic to RA their removal can result 
in a marked improvement in symptoms [15].

 Classification

RA of the shoulder was classified by Laine and later 
by Neer into three stages based on clinical and 
radiographic findings [16, 17]. In stage I, slight lim-
itation of shoulder motion is present, with mild to 
moderate pain and tenderness. Radiographs show 
only generalized osteopenia. Stage II is character-
ized by moderate limitation of shoulder motion and 
moderate to severe pain. Radiographs show osteo-
penia, erosive bony changes, and joint space nar-
rowing. In stage III, severe functional deficits are 
present; range of motion is painful and limits activi-
ties of daily living. Radiographic findings include 
advanced erosive changes of the glenohumeral 
joint. Neer classified RA shoulder as dry, wet, and 
resorptive stages and these stages are approximately 
equivalent to those of Laine.

 Conservative Management

There is no known cure for rheumatoid arthritis, 
however the treatment of rheumatoid arthritis is 
focused on relieving pain, reducing inflammation, 

slowing or stopping joint damage and improving 
shoulder function. Non-surgical management of 
RA is indicated when synovial inflammation is 
the primary manifestation before significant bony 
changes occur. Management usually consist of 
the combination of corticosteroids, Non-steroidal 
Anti-inflammatory Agents (NSAIDs), DMARDs 
(Disease Modifying Anti- Rheumatic Drugs) and 
Tumor necrosis factor (TNF) inhibitors.

NSAIDs help to reduce acute inflammation 
and pain while improving overall shoulder func-
tion. These agents also have analgesic properties, 
however, these agents do not independently 
change the course of the disease of rheumatoid 
arthritis and do not prevent joint destruction. 
Corticosteroids can be given intravenously, orally 
and intramuscularly. If patient does not respond 
to these therapies, intraarticular injection should 
be considered [18]. They are an anti- inflammatory 
and have immunoregulatory activity. 
Corticosteroids often result in dramatic pain 
relief but multiple injections can have a deleteri-
ous effect on connective tissue structures, includ-
ing the articular cartilage and the rotator cuff 
tendons, and therefore should be avoided [19].

Aside from medications, other treatment 
options include the reduction of joint stress, 
physical therapy as well as occupational. 
Probably, the only therapeutic intervention that is 
not questioned is patient education about the 
nature of RA, which provides him with the 
knowledge to cope effectively with the chronicity 
of his disease [7]. The optimal treatment for some 
patient with rheumatoid arthritis may involve a 
combination of medical, social, and emotional 
support.

 Surgical Management

Surgical intervention for rheumatoid shoulder is 
considered when conservative management fails 
to relieve pain and maintain function. The timing 
of surgical management should be dictated by the 
degree of symptoms, clinical presentation and 
degree of joint destruction. Due to polyarticular 
involvement of RA, multiple surgical procedures 
should be needed. There must be adequate inter-
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val between surgical procedures to allow patient 
ambulate easily without assistive devices or avoid 
weight bearing.

Synovectomy is indicated for patients with 
primarily active synovitis without evidence of 
extensive articular destruction. Synovectomy 
provide symptomatic relief when main complaint 
is pain but it seldom results in a significant 
increase in range of motion [18]. Modern 
DMARDs and biological therapies have made 
the use of this procedure rare in contemporary 
practice.

RA is a progressive disease causing bony ero-
sions and structurally deformed joints, arthro-
plasties may be considered the only beneficial 
treatment option for end-stage arthritis. 
Arthroplasty has been highly successful for relief 
of pain but much less consistent for improvement 
of motion. The diagnosis of RA is the most 
important predictive factor for the end-result, 
with a stronger influence than the condition of the 
rotator cuff or whether a hemiarthroplasty or a 
total arthroplasty is performed [20, 21]. The 
design and type of implant does not appear to 
influence outcome, but resurfacing is not appro-
priate when severe joint destruction renders the 
humeral head too small or soft [22]. There is also 
a high infection rate in patients with RA is likely 
related to the disturbances of the immune system 
responsible for this autoimmune disease [23, 24].

Indications for shoulder hemiarthroplasty 
(HA) include extensive humeral head involve-
ment with minimal involvement of the glenoid 
surface. If there is an extensive humeral head and 
glenoid involvement with associated osteopenia 
there raise concerns regarding the secure fixation 
of a glenoid component. Additionally hemiar-
throplasty can be used in the presence of exten-
sive articular cartilage deterioration with a 
massive irreparable rotator cuff tear. In younger 
patients (<65 years) who wish to maintain an 
active lifestyle, concerns about glenoid compo-
nent loosening have led some to avoid the use of 
glenoid components [18]. However, long-term 
pain relief is less reliable than with glenoid resur-
facing because of owing to poor bone quality, 
glenoid erosion after hemiarthroplasty is more 
frequent than in patients with osteoarthritis. In 

contrast to glenoid loosening, glenoid erosion is 
almost always painful and leads to poor results 
requiring surgical revision [21].

Total shoulder arthroplasty (TSA) is consid-
ered a good option for treatment of the rheuma-
toid shoulder when the rotator cuff is intact or 
moderately worn, with no more than one defec-
tive tendon and the glenoid bone stock is pre-
served. Several investigators have reported that 
total shoulder arthroplasty results in pain relief 
and satisfactory increases in range of motion, and 
markedly improved functional status [25, 26]. 
The osteopenia, high incidence of rotator cuff 
tears and immunosuppressive medications com-
monly seen in these patients can lead to concerns 
about glenoid component loosing. Nevertheless, 
glenoid loosening is not progressive over long 
periods and is well tolerated by the majority of 
patients. Thus, the rate of glenoid revision opera-
tions in rheumatoid patients seldom exceeds 5% 
in mid- and long-term studies [21]. There are 
reports comparing results of hemiarthroplasty 
and total shoulder arthroplasties in rheumatoid 
shoulders. Both HA and TSA provide pain relief 
and improved motion in patients with rheumatoid 
arthritis. In patients with an intact rotator cuff, 
pain relief and range of motion are more improved 
with TSA compared with HA. There is a high 
rate of component lucency, but component revi-
sion is uncommon [26]. Other authors report 
similar results even in the presence of a selection 
bias favoring the use of total shoulder arthro-
plasty in the presence of a functional or reparable 
rotator cuff [27].

In order to compensate for the loss of rotator 
cuff force, reverse shoulder prosthesis might be a 
treatment option in RA patients [8]. However 
there are concerns on reverse shoulder prosthesis 
for RA patients. Early glenoid loosing is a prob-
lem due to the combination of poor bone and the 
increased stress on the glenoid component inher-
ent with this type of prosthesis [28]. However 
there are reports reverse shoulder arthroplasty for 
the rheumatoid shoulder with a deficient rotator 
cuff can provide noteworthy improvement for 
most patients and the range of motion improve-
ment was superior to the typical range reported 
after anatomical replacements [23, 29, 30] 
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(Fig. 13.2). Longer follow-ups will provide valu-
able information on durability and late complica-
tions of reverse shoulder prosthesis [29]. Reverse 
total prosthesis should be reserved for the treat-
ment of very disabling shoulder arthropathy with 
a massive rotator cuff rupture, and it should be 
used exclusively in patients over 70 years old 
with low functional demands [31]. The indication 
for a revision is key to deciding on the correct 
implant. It is reported that revision from a hemi-
arthroplasty to a total shoulder replacement for 
glenoid wear with an intact rotator cuff can yield 
good results. Although short term results are 
promising there is paucity in literature about revi-
sion of reverse shoulder prosthesis in long term.

 Summary

Management of inflammatory shoulder requires a 
multi-disciplinary approach. There is a wide clinical 
presentation of these inflammatory diseases and 
while planning the management, clinical and radio-
logical stages of disease should be considered. In 

conclusion, systemic considerations of this progres-
sive disease, rehabilitation, immunologic and men-
tal status of patients, implant choice is extremely 
important in inflammatory shoulder management.

Questions
 1. Which of the following is the earliest radio-

graphic sign of rheumatoid involvement of the 
shoulder?
 (a) Subchondral cyst in humeral head
 (b) Subchondral cyst in glenoid
 (c) Regional osteopenia of humeral head or 

glenoid
 (d) Superior migration of humeral head
 (e) Marginal erosions of humeral head

Answer C. The earliest radiographic sign of 
rheumatoid involvement of the shoulder 
region is regional osteopenia of the humeral 
head or glenoid. Marginal erosions and sub-
chondral cysts may be evident with disease 
progression. Superior migration of the 
humeral head usually reflects a later involve-
ment of the rotator cuff.

a b

Fig. 13.2 This photograph (a) reveals the restricted range of motion of right shoulder in RA patient; (b) post-op 
8 month after reverse shoulder arthroplasty. Notice the significant improvement in elevation of shoulder
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Ref:
7.  Gibson KR. Rheumatoid arthritis of the 

shoulder. Physical therapy. 1986;66(12): 
1920-9.

 1. Which of the following findings is more evi-
dent in patients with rheumatoid arthritis 
when compared to patients with primary 
osteoarthritis of the shoulder?
 (a) Subchondral sclerosis in glenoid
 (b) Osteophytes in humeral head
 (c) Concentric glenoid erosion
 (d) Asymmetric glenohumeral joint space 

narrowing
 (e) Sclerosis in humeral head

Answer C. Concentric glenoid erosion is a 
characteristic radiographic presentation of 
inflammatory arthropathies of the shoulder 
and generally results in medialized glenohu-
meral joint line. Asymmetric glenohumeral 
joint narrowing, subchondral sclerosis and 
osteophytes in humeral head or glenoid typi-
cally seen in primary osteoarthritis patients.
Ref:
18.  Chen AL, Joseph TN, Zuckerman JD. 

Rheumatoid arthritis of the shoulder. J Am 
Acad Orthop Surg. 2003;11(1):12-24.

 1. Which of the following conditions is typically 
associated with limited erosion of the lateral 
aspect of humeral head, the so-called hatchet 
sign?
 (a) Rheumatoid Arthritis
 (b) Ankylosing spondylitis
 (c) Psoriatic arthritis
 (d) Systemic lupus erythematosus
 (e) Primary osteoarthritis of the shoulder

Answer B. In some AS patients, the superolat-
eral aspect of the humeral head is destroyed by 
the erosive process and results in a characteris-
tic defect of the humeral head. This sign helps 
to differentiate AS from rheumatoid arthritis.
Ref:
(5)  Sankaye P, Ostlere S. Arthritis at the 

shoulder joint. Seminars in musculoskel-
etal radiology. 2015;19(3):307-18.
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Joint Sepsis

Mesut Atabek, Gazi Huri, and Ugur Gonc

Pathogenesis, epidemiological and microbiological 
features of shoulder sepsis are similar to other 
bone and joint infections, but shoulder joint has 
some different specific properties. Different sur-
gical procedures for the shoulder may cause post-
operative infections. This chapter includes both 
primary and secondary infections.

Following the development of arthroscopic 
techniques, the infection rates have decreased 
compared to open surgery. However high infec-
tion rates can still be seen after major shoulder 
surgeries such as reverse shoulder arthroplasty 
(RSA). On the other hand arthroscopic sur-
gery also has its own specific infections. 
Propionibacterium acnes (P. acnes) is suspected 
to be a causative agent for primary shoulder 
osteoarthritis [1].

Generally late diagnosis and insufficient treat-
ment cause poor results after joint infections. 
Shoulder infections in pediatric age group have 
different properties compared to other joints. 
Although shoulder joint usually tolerate compli-
cations more easily than hip and knee joints in 
pediatric patients, normal function and anatomy 

must be the aim of the treatment. Early diagnosis 
and the virulence of the pathogen usually deter-
mine the shoulder functions.

The pathogens enter the joints through various 
ways and a damage in the tissue makes it easier. The 
articular cartilage is acellular. Leucocyte migration 
is usually not enough to protect the cartilage. Both 
host dependent and pathogen dependent factors are 
important for the development of infection. Host 
dependent factors may be local or systemic.

The local factors include trauma, previous 
surgeries and procedures like intraarticular injec-
tions. The skin condition before surgery and 
proper skin preparation are important concepts of 
infection prophylaxis. The implants used in 
arthroplasty, arthroscopy or trauma management 
may cause susceptibility to infection. Bone 
cement used in arthroplasty or the polysaccharide 
biofilm layer formed over implants may avoid 
macrophages or antibiotics to reach the infected 
area and provide a suitable environment for bac-
terial colonization. With antibiotic prophylaxis, 
infection rates have decreased after total shoulder 
arthroplasty. However hematoma formation in 
the potential space occurring after RSA may pro-
vide a suitable environment for microorganisms.

Systemic factors increasing susceptibility to 
infection include any condition causing immune 
system depression like diabetes mellitus, 
 rheumatoid arthritis, liver cirrhosis, chronic kid-
ney failure, vascular diseases, neoplastic diseases, 
hematological disorders, drug abusers, systemic 
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trauma, advanced age and HIV infection. Patients 
with HIV infection are more prone to some spe-
cific pathogens.

The pathogen microorganisms may enter the 
shoulder joint through three ways: spontaneous 
hematogenous spread, spread of metaphyseal 
osteomyelitis to intraarticular region and direct 
inoculation by joint penetration after trauma or 
surgical procedures.

 Clinical Findings

Most common clinical findings are pain, limita-
tion of motion, functional impairment and swell-
ing around the shoulder joint. The patients 
usually tend to hold their shoulder in adduction 
and internal rotation due to limited joint motion. 
Increased fever and deterioration of the general 
status may also be observed.

Increased joint space or findings related to 
osteomyelitis may be seen in direct radiographic 
examination.

 Laboratory Findings

Leukocytosis and increased erythrocyte sedi-
mentation rate (ESR) or C-reactive protein 

(CRP) levels may be observed. These findings 
may be suppressed in immunocompromised and 
rheumatoid patients. Infection must be suspected 
in rheumatoid patients when there is an acute 
deterioration.

Synovial fluid analysis and culture are impor-
tant in the diagnosis of infection (Tables 14.1  
and 14.2)

Cell count more than 50,000/mm3 and polymor-
phonuclear leucocyte (PMN) ratio more than 75% 
are important parameters in synovial fluid analysis 
indicating septic arthritis. Protein levels are usu-
ally elevated. Glucose levels may be decreased 
especially in adults. Increased monocyte count 
usually indicates micobacterial infection.

Unexpected findings may be observed after 
prosthetic infections. White blood cell count 
(WBC) is normal in 93% of patients. Preoperative 
CRP, ESR levels and intraoperative histological 
findings may be negative respectively in 75, 86 
and 92% of infected patients [2].

A recent study suggests that WBC and PMN 
count and lactate level in synovial fluid are effec-
tive methods demonstrating joint infections after 
prosthetic surgery [3].

In another study, significant high serum 
Interleukin-6 (IL-6), ESR and CRP levels were 
observed after prosthetic infections, whereas 
there was no statistically significant difference in 

Table 14.1 Synovial fluid findings in acute septic arthritis

Joint fluid examinations Noninflammatory fluids
Noninfectious 
(inflamamatory) İnfectious (inflammatory)

• Color • Colorless, pale yellow • Yellow to white • Yellow

• Turbidity • Clear, slightly turbid • Turbid • Turbid, purulent

• Viscosity • Not reduced • Reduced • Reduced

• Mucin clot • Tight clot • Friable • Friable

• Cell count (per mm3) • 200–1000 • 3000–10,000 • 10,000–100,000

• Predominant cell type • Mononuclear predominant • PMNa • PMN

•  Synovial fluid-blood 
glucose ratio

• 0.8–1.0 • 0.5–0.8 • <0.5

• Lactic acid • Same as plasma • Higher than plasma • Often very high

• Gram stain for 
organism

• None • None • Positiveb

• Culture • Negative • Negative • Positiveb

Adapted from Schmid FR: Principles of diagnosis and treatment of bone and joint infections. In McCarty DJ (ed): 
Arthritis and Allied Conditions: A textbook of Rheumatology. Philadelphia: Lea-Febiger, 1985, p: 1638 [112]
aPMN polymorphonuclear leucocyte
bİn some cases especially in gonococcal infection, no organism may be demonstrated
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WBC count. IL-6 level less than 10 pg/mL was 
considered as normal. However this study was 
performed for knee and hip arthroplasty and was 
not specific for shoulder [4]. Coffey et al. sug-
gested to use IL-6 level also for the diagnosis of 
shoulder prosthetic infections [5]. Serum IL-6 
level was found to have 100% sensitivity and 
95% specificity [4]. It can be used for timing the 
surgery in two-stage revisions [5]. In contrast to 
these studies a recent study reported that IL-6 
cannot be used for shoulder infections due to low 
sensitivity and specificity [6, 7].

Another parameter is serum procalcitonin. Its 
level is usually higher in bacterial infections than 
other types of infection [8].

Alpha-defensin is an antimicrobial peptide. A 
recent study showed that its high level in synovial 
fluid analysis correlates with infection and can be 
used as a diagnostic tool [9].

Both aerobic and anaerobic cultures and cul-
tures for acid-fast bacilli should be taken. Gram 
and acid-fast staining should be performed dur-
ing surgery. The probability of tuberculosis 
should be kept in mind in patients with monoar-
ticular arthritis and tenosynovitis.

Polymerase chain reaction (PCR) can be per-
formed for Kingella kingae in infants and for 

Staphylococcus aureus (S. aureus) in adults if the 
cultures are negative [10].

According to Mirra, detection of more than 
five PMN in each area in intraoperative frozen 
sections is in favor of acute inflammation and 
infection [11]

 Pediatric Shoulder Sepsis

Bone and joint infections are important problems 
in pediatric age group. Both bacterial or fungal 
osteomyelitis can be observed. Generally acute 
hematogenous osteomyelitis is seen in pediatric 
patients. Secondary infections due to trauma, 
open wounds and surgical implants are mostly 
common in adults. Osteomyelitis related to 
 vascular insufficiency may be seen in elderly 
patients with co-morbidities [12].

 Acute Hematogenous Osteomyelitis

In children this type of osteomyelitis usually 
occurs after bacteremia. Rich metaphyseal cir-
culation, inoculation of the bacteria in capillary 
loops and adhesion in cartilagenous matrix may 

Table 14.2 Synovial fluid characteristics and arthritis-related laboratory findings

Characteristic Normal
Nonainflamatory 
arthritisa

Inflamatory 
arthritisb

Septic arthritis 
(native joint)c

Prosthetic hip or 
knee infectiond

• Appearance • Clear • Clear •  Opaque or 
translucent

•  Opaque yellow 
or green

•  Clear or 
opaque

• WBC/mm3 • <1000 • <1000 • 5000–75,000 • >50,000 • >1100–3000

•  Polymorphonuclear 
cells

• <25% • <25% • >50% • >75% • >64–80%

• Culture • Negative • Negative • Positive • Positive • Positive

Adapted from Deirmengian CA, Patel R. Clinical and Laboratory Evaluation, Chapter 5. In Cierny III G, Mclaren AC, 
Wongworawat MD (eds): Orthopaedic Knowledge Update, Musculoskeletal Infection. Rosemont, AAOS, 2009. p: 
57–65 [113]
WBC white blood cell count
aAssociated conditions: degenerative joint disease, trauma, pigmented villonodular synovitis, neuropathy, systemic 
lupus erythematosus, acute rheumatic fever
bAssociated conditions: Rheumatoid arthritis, crystal-induced arthritis, seronegative arthropathy, systemic lupus erythe-
matosus, acute rheumatic fever
cAn immunocompromised patient may not have elevated synovial WBC. A normal or noninflammatory WBC does not 
preclude active septic arthritis
dData are unavailable for other types of prosthetic joints. Underlying inflammatory arthritis may cause false-pos-
itive results
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cause osteomyelitis. Due to its bacterial adhe-
sion capacity S. aureus is the most common 
agent [12]. In children under 18 month of age, 
the joint can also be infected through tran-
sepiphyseal vessels. One third of the neighbor 
joint can be affected in osteomyelitis whereas 
there is no significant difference after 18 months 
of age [13]. In experimental animal studies 
more bone infection was observed in trauma-
tized regions of bacteremic animals. This find-
ing may explain why trauma is the etiologic 
factor in 30% of the cases in children [14]. 
Although the real incidence is not known recent 
studies showed that the incidence of acute and 
subacute hematogenous osteomyelitis has 
decreased [15].

S. aureus is the most common agent of osteo-
myelitis in each age group. The infection was 
due to community-acquired methicillin resistant 
S. aureus (CA-MRSA) in more than half of 59 
patients with musculoskeletal infection [16].

In young infants Streptococcus agalactiae 
and gram (−) enteric bacteria may be other 
causative agents. In preschool or early school 
periods Streptococcus pyogenes is responsible 
for 10% of acute hematogenous osteomyelitis. 
Streptococcus pyogenes, Streptococcus pneumo-
nia and Kingella kingae are more frequently seen 
in older children [17].

Joint involvement is more common than bony 
infections after Streptococcus pneumoniae infec-
tions [18]. The incidence of bone and joint infec-
tions due to Streptococcus pneumoniae, as well 
as Haemophilus influenza type b has decreased 
significantly after vaccination programmes [19].

Osteomyelitis due to anaerobic microorgan-
isms like Bacteroides, Fusobacterium, 
Clostridium or Peptostreptococcus is rare in 
healthy children. Anaerobic infections can be 
seen after to bites, chronic sinusitis, mastoiditis 
or dental infections. Mycobacterium, Bartonella, 
Coxiella Burnetti or fungal infections are other 
rare agents causing musculoskeletal infections.

Salmonella and S. aureus are usually respon-
sible for osteomyelitis in sickle cell disease but 
rarely Escherichia coli, Shigella, Haemophilus 
influenza type b and Streptococcus pneumoniae 
can be observed as causative agent.

Chronic recurrent multifocal osteomyelitis is 
an inflammatory process and can be confused with 
osteomyelitis due to clavicular involvement [20].

 Septic Arthritis of Glenohumeral 
Joint

Four percent of whole joint infections occurs in 
glenohumeral joint [21, 22]. General infection 
symptoms like irritability, apathy, diarrhea and 
fever are important findings in newborn period. 
In their series Ernat et al. reported restricted 
shoulder motion, pain, swelling and even sepsis 
in 9% of cases [23]. Direct radiographies were 
normal in half of the cases. Osteomyelitis was 
observed in magnetic resonance (MR) evaluation 
in 75% of patients. Cultures were negative in 
36% and blood cultures were positive in 25% of 
patients. Average hospitalization time was 
2 weeks and average number of procedures was 
1.5. MRSA positive patients had more hospital-
ization time and more direct radiographic find-
ings due to increased incidence of osteomyelitis 
[23]. In another study 57% of patients with shoul-
der septic arthritis had accompanying infections 
in other regions like ear, respiratory system, skin 
or nervous system [24]. Risk factors for poor 
prognosis were reported as late diagnosis, 
younger patients less than 3 months of age, 
metaphyseal osteomyelitis, non-operative treat-
ment and high virulence of the agent (penicillin-
ase producing microorganisms) [19, 25–27].

Insufficient treatment may cause recurrence, 
bacteremia, distant septic emboli, anemia, septic 
shock and even death. Articular cartilage degen-
eration, contractures, subluxation and growth 
retardation may develop after delayed treatment. 
Inflammation, bacterial products and lysosomal 
enzymes cause cartilage damage. Increased 
intraarticular pressure leads to ischemia. 
Additional thrombotic process facilitates the 
infection. Local spread may lead to osteomyelitis 
after joint destruction.

Delayed treatment may cause permanent 
changes and disability. Accompanying osteomy-
elitis may lead to growth retardation due to dam-
age of proximal humeral physis. In one study, 
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only 7% of patients less than 18 months of age 
had normal shoulder after 6 years of follow-up 
and between 0 and 9 cm of shortness was present 
in the patients [24]. Age is very important. Since 
proximal humerus physis is responsible 80% of 
the growth of upper extremity, impairment due to 
infection may lead to shortness, humeral head 
deformity and inferior subluxation [27] 
(Fig. 14.1). After 14 years of follow-up of ten 
patients with neonatal shoulder septic arthritis, 
patients with delayed treatment showed more 
humeral shortness and humeral head deformity. 
On the other hand the patients had good shoulder 
function except for some limitation of external 
rotation [28].

In Schmidt et al.’s series five out of nine 
patients had accompanying osteomyelitis [29]. 
Similarly Ernat et al. detected accompanying 
osteomyelitis with MR evaluation in 75% of 
patients [23]. This rate was 67% in Belthut et al.’s 
series [30].

The treatment options for pediatric septic 
arthritis are arthrotomic or arthroscopic debride-
ment and aspiration [27, 31].

Smith et al. compared arthrotomy and aspira-
tion in 61 patients and found no significant 

 difference between groups, but Salmonella was 
the pathogen in most of the cases. In Smith’s pro-
spective randomized study there was no signifi-
cant difference between arthrotomy and 
aspiration in terms of clinical and radiological 
finding [32]. Bos et al. treated ten patients with 
neonatal shoulder septic arthritis by aspiration. 
Two patients needed further arthrotomy. More 
deformity was observed in patients who had 
delayed treatment, but the functional impairment 
was insignificant [28].

Ernat et al. treated all of their patients by arthro-
tomic debridement. High percentage of osteomy-
elitis was observed in their patients in preoperative 
MR imagings so they preferred arthrotomy to reach 
the abscess and advised routine preoperative MR 
evaluation in every patient [23].

Forward and Hunter treated three pediatric 
shoulder septic arthritis arthroscopically by using 
small wrist arthroscope. They reported 
arthroscopic debridement as an effective mini-
mally invasive technique with good cosmetic and 
functional results [33].

A recent study comparing hip and shoulder sep-
tic arthritis confirmed that the treatment was lon-
ger and more complicated in shoulder and the 

a b

Fig. 14.1 The picture reveals (a) significant loss of shoulder range of motion and (b) avascular necrosis of humerus 
head in a shoulder with septic arthritis sequel
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diagnosis was usually late. Two out of nine patients 
with shoulder septic arthritis were presented with 
septic shock unlike hip septic arthritis group. Due 
to more significant symptoms in lower extremity, 
like limping because of pain, the suspicion and 
early diagnosis of septic arthritis were easier. 
Pathological fracture due to shoulder septic arthri-
tis was first reported in this study in two patients. 
Recurrent debridement was needed in three 
patients with MRSA infection. Chronic osteomy-
elitis was more common in shoulder group and 
required long term antibiotic treatment [30].

 Shoulder Sepsis in Adults

 Glenohumeral Septic Arthritis

Glenohumeral septic arthritis is a rare problem. 
In adults it is usually observed after fifth decade 
and men are more effected. Co-morbidities like 
diabetes mellitus, chronic kidney failure, chronic 
liver failure or malignancies increase the risk 
[34]. Fourteen percent of the patients with septic 
arthritis have a history of intraarticular injection 
or aspiration, and this problem may be life threat-
ening [35].

One study showed that in about 62% of 
patients one stage surgery was enough for septic 
arthritis treatment. However, more than one 
debridement could be needed in patients with 
diabetes mellitus, inflammatory arthropathy, 
major joint involvement, and if the PMN count in 
synovial fluid was 85,000 and the pathogen was 
S. aureus [36].

Arthroscopic classification of septic arthritis 
was first described by Gachter et al. [37] and 
modified by Jeon et al. [38]:

 – Stage I indicates opacity of fluid, redness of 
the synovial membrane, and possible pete-
chial bleeding.

 – Stage II includes purulent material, severe 
inflammation, and fibrinous deposition.

 – Stage III has thickening of the synovial mem-
brane with cartilage erosion.

 – Stage IV is the most aggressive of the stages, 
with subchondral delamination.

Arthroscopic shoulder septic arthritis treat-
ment is effective especially in Gachter stage I 
patients [38]. Abdel et al. treated 50 patients with 
shoulder septic arthritis by athroscopic debride-
ment, 57% of which was immunocompromised 
and most of the patients were elderly. S. aureus 
was the most common agent. Fourty-four percent 
of patients had MSSA and 20% of the patients 
had MRSA infection. Secondary procedures with 
arthrotomy were needed in 32% of patients [31]. 
Open surgical treatment may be performed in 
patients with delayed diagnosis or when 
arthroscopic debridement is unsuccessful. It is 
difficult to preserve the joint after bony and carti-
lage degeneration or development of avascular 
necrosis. Resection arthroplasty or arthrodesis 
may be needed in these patients. In late periods 
the infection can be treated by resection or appli-
cation of antibiotic-impregnated cement spacers, 
but the functional results are usually not good. 
Garofalo et al. reported only a slight improve-
ment of functional results after RSA applications 
[39]. Reinfection rates were found to be low in 
patients who had primary arthroplasty for the 
treatment of sequels of infection. However the 
surgical technique was more difficult due to bony 
loss and soft tissue problems related to infection, 
and the results were worse compared patients 
who had primary arthroplasty for the treatment of 
osteoarthritis [40]. Recent studies reported satis-
factory short term results in patients without co- 
morbidities after arthroplasty applications with 
low reinfection rates [41, 42].

 Post-arthroscopy Septic Arthritis

Infection after shoulder arthroscopy is very rare, 
but it is a serious complication. The incidence of 
post-arthroscopy infections is less than 1%. 
However there has been an increase in incidence 
due to widespread application of arthroscopic 
procedures in recent years and implants used 
[43]. Infection is a less common complication 
after shoulder arthroscopy compared to other 
complications [44–46]. P. acnes is the most com-
mon pathogen. This infection presents slowly 
within weeks with minimal symptoms. P. acnes 
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infection is more specific to shoulder joint and 
the diagnosis is usually difficult with standard 
culture mediums.

Patients who had rotator cuff repair are more 
prone to post-arthroscopy infection. Previous 
surgeries and patients more than 60 years of age 
are important risk factors [46]. Yeronasian et al. 
reported 0.27% of incidence for post-arthroscopy 
infections. Patients older than 60 years of age had 
twice infection rates compared to patients under 
40 years of age. There was no gender difference. 
Infection was observed more in rotator cuff 
repairs with an incidence of 0.29% whereas it 
was only 0.16% after capsulorraphies [46]. 
Previous studies showed that men had more 
infection rates which may be due to skin flora 
[47, 48]. High rates of positive cultures for 
P. Acnes were detected in patients who had 
arthroscopic revision surgeries due to pain or 
restricted motion [49].

Deep infection is rare after post-arthroscopy 
infections. The infection rate increases when 
arthroscopic surgery is followed by open surgery. 
The risk factor are similar to other infections. The 
treatment includes debridement and antibiotics.

The rate of skin colonization with P. acnes is 
high at arthroscopic portals, especially in men. 
The rate of deep tissue inoculation with P. acnes 
after shoulder arthroscopy may be high despite 
standard skin preparation and antibiotic prophy-
laxis although the reported infection rates are low 
in the literature [50].

 Acromioclavicular Septic Arthritis

Septic arthritis mostly effects major joints. 
Acromioclavicular (A-C) septic arthritis is very 
rare. The symptoms are swelling, redness and 
pain over A-C joint. The patients usually have 
shoulder pain and functional impairment. Local 
spread after septic arthritis of A-C joint is possi-
ble. The rate is higher in immunocompromised 
patients. Local risk factors include trauma, osteo-
arthritis, surgery, intraarticular injections and 
systemic risk factors include rheumatoid arthri-
tis, diabetes mellitus, AIDS, corticosteroid or 
cytostatic users and drug abusers [51, 52]. Rarely 

this infection can be observed in patients with 
good immune condition [53]. The literature usu-
ally includes case reports. S. aureus and strepto-
coccus species are the most common agents [54]. 
Haemophilus parainfluenza may be a rare respon-
sible pathogen [55]. The incidence was reported 
as 2–10/100,000. Ultrasound is practical diag-
nostic tool. MR may also be used for diagnosis 
and detection of the spread of infection. 
Sometimes the source of bacteremia can be deter-
mined. In one case reported foot ulcers were 
present in the patient [51, 56]

 Sternoclavicular Septic Arthritis

Sternoclavicular (S-C) septic arthritis is only 1% 
of whole joint infections [57]. It is very rare and 
only 23% of patients are healthy. Predispositional 
factors are present in most of the cases. According 
to a review bacteremia was present in 62% of 
patients. The risk factors included intravenous 
drug use (21%), distant site infection (15%), dia-
betes mellitus (13%), trauma (12%), and infected 
central venous line (9%) [57]. Computerized 
tomography (CT) or MR can be used to assess for 
the presence of chest wall phlegmon, retrosternal 
abscess or mediastinitis. Half of the cases had S. 
aureus, pseudomonas aueruginosa and Group C 
streptococcus as causative agent [57, 58]. In 
Nusselt et al.’s series of five patients, one patient 
had laryngeal cancer, one patient had port- 
explantation linked to a rectum carcinoma, one 
patient had spondylodiscitis and one patient had 
brain stem infarct with reduced general condi-
tion. Only one patient had no underlying medical 
problem [58].

Chest pain is the main complaint in patients, 
rather than shoulder pain. This infection is impor-
tant due to the close relationship of S-C joint with 
other organs and related complications [59]. Fatal 
complications like mediastinitis is possible. CT 
and MR is usually necessary to determine the 
spread and seriousness of the infection. Early 
diagnosis is important. In early stages simple 
drainage, debridement and antibiotic treatment is 
usually enough [58]. However, more radical 
debridement is needed in complicated patients 
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with clavicula or manibrum sterni osteomyelitis. 
S-C joint resection is an option for accompanying 
osteomyelitis with good functional results [60]. 
Song et al. proposed resection should be the main 
treatment, since in their five patients out of six 
cases simple debridement was insufficient [59]. 
Pectoralis major flap reconstruction may be 
needed in chronic cases with widespread osteo-
myelitis [61].

 Prosthetic Infections

In the French literature, the first shoulder arthro-
plasty which was made of platinum and rubber, 
was performed by Jean Pean for shoulder tuber-
culosis, but the prosthesis was removed after 
2 years due to infection [62, 63]. Infection after 
shoulder arthroplasty is a painful and potentially 
fatal complication [64].

The incidence of infection after shoulder 
arthroplasty is between 0 and 4% ([65][66, 67]). 
The incidence is a little bit higher after RSA 
which was reported in the literature as 0–18.8% 
[68–73]. In Sperling et al.’s series the incidence 
of infection after revision shoulder arthroplasty 
cases was 3%, whereas it was only 0.8% after pri-
mary cases [67].

Although the treatment of shoulder prosthetic 
infections is uncertain, the guidelines for hip and 
knee prosthetic infections are usually used to 
determine the treatment principles. The loosen-
ing of the humeral component must be regarded 
as infection unless proven otherwise. In case of 
an infection after prosthetic implantation, any 
recent procedures like dental procedures or uri-
nary catheterization causing bacteremia should 
be questioned as well as the indication of the pri-
mary operation and any problems that had 
occurred during arthroplasty application.

The diagnosis of infection after shoulder 
arthroplasty is difficult. Clinical symptoms like 
erythema, fistula formation, fever, septicemia and 
reduced general condition are rarely observed. 
Pain and functional impairment are the most 
important clinical findings. Increased ESR and 
CRP levels and leucocyte count in synovial fluid 
are important laboratory findings but laboratory 

findings may be normal in most of the cases [2].
The microbiological investigation of the aspi-
rated synovial fluid and identification of the 
pathogen by culture is critical for the diagnosis 
and effective treatment of the infection.

The causative agent must be identified by 
joint aspiration before planning a revision sur-
gery. The growth in the culture may take some 
time [2]. If the growth is late it may be due to 
contamination unless there are infection symp-
toms [9]. However positive cultures alone are 
enough for the diagnosis of infection. Evaluation 
of positive cultures in P. acnes infections have 
some controversies. The diagnosis is usually 
made by evaluating the clinical symptoms, labo-
ratory and microbiological tests, radiography 
and indium scanning together.

The risk of prosthetic infection is more in 
patients with co-morbidities like diabetes mellitus, 
rheumatoid arthritis or systemic lupus erythroma-
tosus. In different studies immunosuppressive 
therapy, systemic cortisone use, repeated cortisone 
injections and previous surgeries were found to be 
responsible for the prosthetic infections in 66% of 
cases [67, 74, 75]. Ince et al. observed diabetes 
mellitus, steroid use or malignancy in 44% of 
patients who had revision surgery for prosthetic 
infections [76]. In another series of ten patients, 
two patients had malignancy, one patient had liver 
cirrhosis, three patients had cranial injury, one 
patient had chronic polyarthritis and one patient 
was having hemodialysis [63].

The average number of previous surgeries 
before revision surgery was found as four in 
Beekman et al.’s series of shoulder prosthetic 
infections. All patients had clinical findings of 
infection like swelling, redness or sinus forma-
tion. No radiographic findings of loosening were 
observed in patients and this was confirmed dur-
ing the operation. After revision surgery antibiot-
ics treatment was continued for 6 weeks until 
ESR and CRP levels have decreased [68].

Acute deep infection after fixation of proxi-
mal humerus fractures is an important complica-
tion with poor functional outcomes and increased 
rate of nonunion [47]. The risk of prosthetic 
infection is high when arthroplasty is performed 
for the treatment of failed fracture fixation or its 
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complications [71, 77, 78]. Klatte et al. observed 
growth in the culture in five patients out of 32 
who had arthroplasty after failed fracture fixa-
tion. The procedures were regarded as one stage 
revision with arthroplasty, and no reinfection was 
observed. They concluded that the risk of occult 
infection was high in patients with proximal 
humerus fractures compared to hip and knee 
[79].

The prosthetic infections in shoulder may dif-
fer in many ways from knee and hip joints. 
Although staphylococcus species were reported 
as primary pathogen in some studies like other 
prosthetic infections [5, 76], in many other stud-
ies P. acnes was responsible for most of the infec-
tions [67, 80, 81].

P. acnes is a gram (+) anaerobic bacillus and is 
a common pathogen in post-surgical shoulder 
infections. This microorganism is found in pilo-
sebaceous glands of the skin in high concentra-
tions [82]. It is usually located in fat rich body 
regions with hair follicles, especially in moist 
areas of shoulder and axilla [83]. Shoulder infec-
tions with P. acnes is well defined and under-
stood, but the pathogenesis is not clear. The 
diagnosis in prosthetic infections is difficult and 
usually delayed due to low virulence and slow 
progression of the infection [84]. In one study 
about revision arthroplasty cases in shoulder, P. 
acnes was detected in intraoperative cultures 
despite good surgical field preparation and pro-
phylaxis, especially more commonly in men. It 
was concluded that P. acnes could be related to 
primary arthroplasty failure [85]. This finding 
was also supported in other study about primary 
shoulder surgical procedures and the authors 
thought the surgical field was contaminated with 
P. acnes due to exposition of pilosebaceous 
glands after the incision [114].

The cultures can be positive for P. acnes with-
out any sign of obvious infection. This contami-
nation as thought to be a probable reason of 
primary osteoarthritis [1].

Further diagnostic techniques like implant 
sonication or PCR can be used for P. acnes infec-
tions but there is no such a study for shoulder 
infections [86]. Some tests with high specificity 
for the detection of Ig G related to P. acnes can 

also be used, but these tests are defined for general 
infections and are not specific to shoulder [87].

Anaerobic bone and joint infections are 
uncommon. These are usually polymicrobial. P. 
acnes is the reason in 22% of the cases, especially 
around shoulder joint. MALDI-TOF MS (Matrix- 
assisted laser desorption ionization time-of-flight 
mass spectrometry) can be used for the diagnosis 
and the choice of proper antibiotic treatment of 
anaerobic bone and joint infections [88].

In one study about the patients having the first 
shoulder surgical procedure, growth in the culture 
was observed two times more in anterolateral 
approach compared to deltopectoral approach, and 
three times more in men. This finding was not 
found to be related to subacromial injections [89].

In another study of 12 patients who had sec-
ondary procedures after shoulder arthroplasty 
due to post-operative hematoma formation, 6 
patients had positive intraoperative cultures [70]. 
Post-operative hematoma causes poor results 
requiring additional procedures and it may be 
related to deep infection in most of the patients.

Detritic synovitis can be confused with P. 
acnes infections. The macroscopic appearance of 
the synovial fluid is similar. This condition is 
related to aseptic loosening and one stage revi-
sion surgery is usually sufficient [90].

 Treatment

Sperling et al. classified shoulder infections as 
acute, subacute and chronic infections [67]. Then 
they improved this classification by including the 
treatment algorithm and described AAOS classi-
fication [66]:

Type I: Positive Cultures at Time of 
Revision Surgery

Organism-specific antibiotic treatment is 
instituted with close clinical observation. There 
are no good data to determine the optimal length 
of antibiotic treatment.

Type II: Acute Infection within 30 days 
After Surgery

Surgical debridement and prosthetic retention 
is utilized, although there are minimal data avail-
able on the outcomes of this approach.
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Type III: Acute Hematogenous Infection 
More Than 30 days After Surgery

Surgical debridement with retention of the 
implants or two-stage treatment with use of an 
antibiotic spacer impregnated with gentamycin 
and vancomycin between explantation and reim-
plantation is recommended.

Type IV: Chronic Infection
Surgical debridement with implant removal, 

temporary placement of an antibiotic spacer 
impregnated with gentamycin and vancomycin, 
and reimplantation approximately 8 weeks later 
are recommended.

Different options are described for the treat-
ment of prosthetic infections like debridement 
with antibiotic therapy, arthroscopic debride-
ment, one stage or two stage revisions, resection 
arthroplasty, arthrodesis, keeping the antibiotic- 
impregnated cement spacers or even amputation 
[91]. Variable results of these treatment modali-
ties are present in the literature for infection con-
trol. Weber et al. was able to treat infection with 
VAC-irrigation in one patient, although there is 
no enough study supporting this method [63].

 Debridement with Antibiotic Therapy
Over 65% of reinfection risk is present with this 
method [41, 92]. Coste et al. performed debride-
ment in eight patients, two of which had 
arthroscopic debridement. The patients with 
arthroscopic debridement and four out of six 
patients with open debridement had unsuccessful 
results [65].

 Resection Arthroplasty
Although infection rates are low, the functional 
results are usually poor after resection arthro-
plasty. It can be a choice as a salvage procedure 
[41, 92, 93].

 Two Stage Revision
The primary aim in prosthetic infections is the 
control of the infection which requires a suffi-
cient bone and soft tissue debridement. This 
debridement sometimes may include the rotator 
cuff and a RSA may be a better choice in one 
stage or two stage revisions in order to obtain a 
good functional result. Sabesan et al. reported 

6% of reinfection rate and satisfactory functional 
results after two stage revisions with RSA [94]. 
Low reinfection after revisions with RSA was 
also reported in other studies [93].

In a multicentre retrospective study no rein-
fection was observed after two stage revisions 
[95]. This was also a finding in Sperling et al.’s of 
three patients who had two stage revision and 
these patients had active abduction of 100 ° post- 
operatively. In contrary, Strickland et al. observed 
38% of reinfection rate after two stage revisions 
and the patients had an average abduction of 89 ° 
and average external rotation of 48 ° [96].

Coffey et al. proposed to use commercially 
produced antibiotic-impregnated cement spac-
ers in two stage revisions, since the amount and 
the release of antibiotics were more controlled 
in these implants. Theses spacers were produced 
by using custom reusable molds and had the 
advantages of less glenoid erosion due to smooth 
surface and less surgical time [5]. Stine et al. 
reported breakage of the spacer in 3 out of 18 
patients and reimplantation was needed in these 
patients. During the debridement, it was 
observed that the bony defect was extending 
below the surgical neck [97].

 Keeping the Antibiotic-Impregnated 
Cement Spacer
This method can be a treatment option in low 
demand elderly patients but the shoulder func-
tions are usually poor. It can be used only if the 
infection control is sufficient [98, 99]. Four out of 
15 patients refused revision surgery after spacer 
implantation in Coffey et al.’s series [5]. Although 
no clinical difference was found between this 
technique and resection arthroplasty [100], some 
studies reported pain free shoulder functions in 
daily activities [97]. Limited weight bearing in 
the upper extremity may be an advantage for this 
kind of spacer application.

 One Stage Revision
In the literature, one stage revision surgery for 
the treatment of shoulder prosthetic infections 
has comparable results with two stage revisions 
or resection arthroplasty. Ince et al. used one 
staged revision in their patients and observed no 
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reinfections. The diagnosis of the pathogen was 
possible preoperatively in 81% of patients and 
staphylococcus infections were present in most 
of the cases. ESR and CRP levels were elevated 
in most of the patients. Successful results were 
reported in 6 out of 16 patients. Although no rein-
fection was observed, secondary procedures were 
needed due to other reasons in three patients, and 
the functional results were poor with an average 
abduction of 52 ° [76].

Klatte et al. observed 6% of reinfection in 
their patients who had one stage revision after 
4.75 years of follow-up. Highest Constan-Murley 
scores were detected after revisions with 
RSA. The authors emphasized the importance of 
detecting the pathogen and its antibiotic sensitiv-
ity preoperatively. They advocated that the hospi-
talization time was less (average of 10.6 days) 
and the duration of antibiotic therapy was short in 
one stage revisions and this method was an effec-
tive option [101].

Beekmann et al. used RSA for one stage revi-
sion surgery in 11 patients. Only one patient had 
reinfection. They advocated that one stage revi-
sion had the advantages of less glenoid erosion 
due to cement spacer, short duration of treatment, 
less morbidity and less cost. Revision with RSA 
was an effective method for infection control 
with good functional results [68]. Poor functional 
results was reported after one stage revisions 
with total shoulder prosthesis [76].

According to Cuff et al. radical debridement is 
mandatory for the treatment of prosthetic infec-
tions which usually includes the debridement of 
the rotator cuff and the revision should be per-
formed by RSA. In their series, there was no dif-
ference between one stage or two stage revisions. 
The average active abduction was 110° after 
RSA. The complication rate was 32% which may 
be related to complexity of the cases [93]. The 
deltoid muscle and its innervation must be intact 
in order to be able to use RSA for revision.

 Shoulder Arthrodesis
Arthrodesis may be used after failed arthroplasty. 
The incidence of infection after shoulder arthrod-
esis is between 3 and 5% [102]. It can be a treat-
ment option for chronic shoulder infections [103].

 Infection Prevention

Antibiotic prophylaxis is recommended for most 
of the orthopedic procedures where implants are 
used. Most commonly used antibiotic is cefazolin 
with a suggested dose of 1 g started just before 
the operation and continued for 24 h in clean 
cases [62, 104]. The type of the antibiotic may 
change due to allergic status of the patient or in 
specific conditions.

Besides standard prophylaxis for orthopedic 
procedures, some studies are also present spe-
cific to shoulder joint. Intraoperative intraar-
ticular application of gentamicin was observed 
to reduce infection rate from 3 to 0.29% [105]. 
Lorenzetti et al. found that application of a 
cyanoacrylate microbial sealent may reduce 
intraoperative positive cultures, thereof subse-
quent infections in revision shoulder arthro-
plasties [106].

Using antibiotic-impregnated bone cement 
for primary RSA was found to be effective in 
the prevention of deep infection. The infection 
rate was 3% after revisions with RSA when 
antibiotic- impregnated bone cement was not 
used, whereas no infection occurred in patients 
when antibiotic- impregnated bone cement was 
used [107].

In one study, topical application of benzoyl 
peroxide preoperatively reduced positive intraop-
erative cultures for P. acnes. This may decrease 
the infection rate [108].

Skin preparation with 2% chlorhexidine 
gluconate- impregnated cloths was found to be 
more effective in prevention of coagulase (−) 
staphylococcus growth compared to standard 
soaps [109]. Similarly Saltzman et al. 
observed that skin preparation with 2% 
chlorhexidine gluconate and 70% isopropyl 
alcohol was more effective than iodine and 
iodophor-isopropyl alcohol for infection pre-
vention [110]. However these studies are 
related to the results of the cultures and their 
real effects on preventing the infections are 
controversial. Lee et al. showed existence of 
P. acnes in 70% of patients despite skin prepa-
ration with 2% chlorhexidine gluconate and 
70% isopropyl alcohol [111].
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Questions
 1. What is the most sensitive and specific diag-

nostic parameter for prosthetic infections?
 A. CRP
 B. IL-6
 C. a-defensin
 D. ESR
 E. Leukocytosis
 C

 2. What is the most common pathogen for septic 
arthritis of shoulder after arthroscopic surgery?
 A. Staf. Aureus
 B. Strep. Pneumonia
 C. P. acnes
 D. E. coli
 E. MRSA
 C

 3. Which treatment method for prosthetic infec-
tion is associated with the most common 
recurrence rates?
 A. Debridement with antibiotherapy
 B. One stage revision
 C. Two stage revision
 D. Resection arthroplasty
 E. Shoulder arthrodesis
 A

What’s new?
Propionibacterium acnes is almost specific for 

shoulder. A diagnostic controlled study was per-
formed by Hudek et al. in order to clarify whether 
P. acnes is a true infection or contamination?

Propionibacterium acnes in shoulder sur-
gery: true infection, contamination, or com-
mensal of the deep tissue? Journal of Shoulder 
and Elbow Surgery, 2014 December, Hudek et al.
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Avascular Necrosis

Gazi Huri, Mehmet Kaymakoğlu, 
Yusuf Bora Bozduman, Ersin Mutlu, 
and Mahmut N. Doral

We aimed to discuss an unusual but neglected  
disease of the shoulder in this chapter with an 
example of a real case. Avascular necrosis of the 
humeral head is mostly not noticed by the physi-
cians even in high risk potential patients. 
Consideration of this disease in differential diagno-
sis of shoulder problems in high risk patients would 
avoid its potential catastrophic consequences.

 Epidemiology

Osteonecrosis of the humeral head should be 
investigated in two main groups: traumatic and 
non-traumatic. The course of traumatic osteone-
crosis depends on the type and extent of the frac-
ture, whereas non-traumatic osteonecrosis have 
various etiologic causes.

Osteonecrosis of the humeral head was first 
described in 1960 by Heimann and Freiberger 
[1]. İnitially described cases were osteonecrosis 
of the humeral head after high-dosage corticoste-
roid therapy for pemphigus and thrombotic 
thrombocytopenic purpura.

Osteonecrosis of the humeral head is an 
uncommon disease. But it is the second most 
necrotic symptomatic joint affectation after that 
of the femoral head [2]. It is more prevalent in 
young patients between second and fifth decades. 
Osteonecrosis of the humeral head occurs twice 
as common in men than women but women with 
osteonecrosis diagnosed with an autoimmune 
disease develop this condition more often than 
men with the same disease due to more cortico-
steroid intake.

Predicting the exact incidence of the non- 
traumatic humeral head osteonecrosis is difficult 
because of common asymptomatic course of the 
disease. Matsen described the incidence of the 
disease 4.6% among glenoarthritic patients [3]. 
Some authors also describe it as a common cause 
of shoulder arthroplasty. Cruess et al. found 
involvement of 18 humeral head osteonecrosis 
among 95 patients with corticosteroid induced 
osteonecrosis of femoral head [4]. Another study 
revealed 7% incidence of humeral osteonecrosis 
from a group of 1056 patients managed for osteo-
necrosis of any joint [5]. High incidence (>80%) 
of corticosteroid use, bilateral disease and hip 
involvement was also found in the same cohort 
group.

Proximal humeral fractures consists of 4–5% 
of all fracture types and and 11% of all these frac-
tures are three or four part fractures [6]. 
Prevalence of post-traumatic osteonecrosis group 
is more predictable but still difficult due to 
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 different treatment regimens among the cohort 
groups. Several researches gives us an opinion 
whether we come up against an avascular necro-
sis depending on the severity and location of the 
fracture. Neer et al. reported the avascular necro-
sis risk more than 50% in four-part fractures of 
humeral head [7]. Three part-fractures have a risk 
of osteonecrosis from 0 to 25% and four-part 
fractures from 0 to 77% [8, 9]. Recent studies 
gives a lower but still significantly high incidence 
of risk, which varies from 3 to 37% with opera-
tive treatment. There is also concerns about 
whether the operative treatment increases the risk 
of avascular necrosis. A meta-analysis of seven 
studies reported that plate fixation of humeral 
head associated with an increased risk of osteo-
necrosis [10]. New operative methods are pub-
lished in order to decrease this high incidence of 
risk [11].

 Etiology

Several etiological factors have found to be asso-
ciated with the avascular necrosis of humeral 
head. They are investigated in two main groups: 
traumatic and non-traumatic. However, the 
pathophysiological background of these two 
groups are similar; both produce a disturbance of 
vascular circulation of humeral head, increase the 
intraosseous pressure and cause sudden cell death 
[12] (Table 15.1).

Corticosteroids are the most common cause of 
non-traumatic avascular necrosis. They are widely 
used in many systemic disorders, autoimmune 
diseases, transplantations which have a huge 
patient population potential. Despite the decrease 
of the incidence of osteonecrosis among patients 
with long term systemic corticosteroids due to 
lower steroid dosing, total number of patients is 
not decreased comparing with the last decades. 
The mechanism has not been identified yet, but 
possible fat embolism and intraosseous pressure 
mechanisms are accused by researchers [13].

Hemoglobinopathies like sickle cell disease 
and hypercoagulabilities produce microinfarcts 
and interrupt the blood circulation of the head. 
Jones et al. found high incidence of coagulation 

abnormalities in 45 patient with non-traumatic 
avascular necrosis [14].

Dysbarism affects the sea-divers who rapidly rise 
to the surface from deep [15]. Solubility of gases in 
blood decreases and gas embolisms occur in different 
tissues of the body. Life threatening situations can 
occur and avascular necrosis should be considered as 
an occupational disease in these patients [16].

Lipid loaded Gaucher cells in the bone mar-
row can increase intraosseous pressure, provoke 
coagulation and occlusion of intraosseous vessels 
leading to osteonecrosis [17].

Alcohol intake and smoking are known etiologic 
causes of avascular necrosis pathogenesis [18].

 Pathophysiology

An orthopaedic surgeon must have a precise 
knowledge about the vascular anatomy of 
humeral head to understand the mechanism of 
avascular necrosis (Fig. 15.1). Displaced  fractures 

Table 15.1 Most common etiologic factors for avascular 
necrosis of humeral head

Traumatic

  Humeral head fractures

  Dislocations

  Surgery of the shoulder

Non traumatic

  İdiopathic

  Corticosteroids

  Hemoglobinopathies (e.g. sickle cell)

  Hypercoagulabilities

  Cushing’s disease

  Dysbarism (Caisson disease)

  Gaucher’s disease

  Alcohol

  Tobacco

  Systemic lupus erythematosus

  Scleroderma

  Romatoid arthritis

  Inflammatory bowel diseases

  Lipid metabolism disorders

  Radiation

  Human immunodeficiency virus

  Chemotherapeutic drugs

  Transplantations
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of this region causes interruption of the blood 
supply and the incidence is not rare. Many 
researcher like Gerber et al. emphasized in the 
past that anterior humeral circumflex artery 
brings the main blood flow to the humeral head 
[19, 20]. Ascending branch of anterior humeral 
circumflex artery (arcuate artery) was believed to 
be the main nutrient of the head and researches 
focused on injury of this artery in posttraumatic 
osteonecrosis until the last decade. After the dis-
covery of durability of posterior circumflex artery 
even in displaced fractures [21], Hettrich et al. 
published the quantitative assessment of vascular 
supply of the humeral head in a cadaveric study 
with MRI [22]. He found that PHCA perfuses 
more of the AHCA does, in three of four quad-
rants of the head. Realibility of this study comes 
from its three-dimensional visualization capabil-
ity despite the previous two-dimensional studies. 
Hertel et al. investigated the predictors of isch-
emia after the fracture occurs. His colleagues 
found that the length of the dorsomedial metaph-
yseal extension and the integrity of the medial 
hinge are the determinants of vascular integrity 
during the fracture. Four years later, Bastian and 
Hertel reported that most of the posttraumatic 

ischemia does not lead up to osteonecrosis [23]. 
This study showed the importance of a successful 
reduction with osteosynthesis to achieve a possi-
ble revascularization in the humeral head.

 Clinical Evaluation and Diagnosis

A patient complaining from shoulder pain should 
be carefully evaluated. A detailed history should 
be taken, including the habits like alcohol or 
smoking. Corticosteroid or other drug use should 
be noted. If an avascular necrosis of humerus 
detected, bilateralism and the other joints should 
be also investigated [24]. Most of the patients 
with non-traumatic avascular necrosis are young 
and have a dull ache in their shoulder which is 
hard to localize. The physician must be careful 
about that some of the patients with avascular 
necrosis are asymptomatic or have little com-
plaints. Range of motion of the shoulder should 
be examined and differential diagnosis like 
 rotator cuff rupture must be made with careful 
clinical tests. Standard shoulder radiography 
with at least from two direction is the first radio-
logic examination. One should note that radiog-

Anterior Humeral
Circumflex Artery

Arcuate Artery

Axillary Artery
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Posterior Humeral
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Fig. 15.1 Vascular 
anatomy of humeral 
head
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raphy is not sensitive to evaluate the osteonecrosis. 
Stage 3 or worse lesions can be detected in radi-
ography. The extent and stage of the avascular 

lesion can be best assessed with MRI. Other ana-
tomic sites (e.g. hips, ankles) should be screened 
because of multifocal nature of the disease.

Case

26 year old female patient admitted to our 
orthopaedic clinic with left shoulder pain. 
Through her history, she described that she has 
the pain nearly about 6 months but in the last 
2 months the pain got worse. She has diagnosis 
of scleroderma and she used to take steroids for 
8 years. In physical examination, she had pain-
ful full range of motion of the left shoulder and 
her pain radiates to her arm. Her muscle 
strength were 5/5 and has a normal neurovascu-
lar examination. We first evaluated a standard 
radiography of her left shoulder. Radiography 
showed a mottled sclerosis area but the curva-
ture of humeral head remains intact.  

The progression of the disease depends 
mainly on presenting symptoms and stage of 
the osteonecrosis at initial diagnosis. A study 
group from Japan evaluated the necrotic angle 
and its correlation with the outcome of the 
disease [25]. They found that if the necrotic 
angle is greater than 90° at initial diagnosis, 
avascular lesion does not progress to osteoar-
thritis. In the same study, lower collapse rates 
was found compared with osteonecrosis of 
femoral head. This situation is attributed to 
that glenohumeral joint is not a weight bearing 
joint. However it is well known that late-stage 
disease (Ficat 3-4-5) progress to advanced 
osteoarthritis to a large extent at a point that 

arthroplasty is required [26]. Hatrup and 
Cofield reported 55% of patients with stage 4 
disease and 79% of stage 5 disease required 
shoulder arthroplasty in 3 years of follow-
up [27]. In the same cohort group, traumatic 
patients underwent surgery more likely than 
non-traumatic group.

Patients treated with corticosteroids are likely 
to experience avascular necrosis of humeral head. 
An average of 3 years for stage 2 patients and 
10 years for stage 1 patients are needed for head 
collapse [28]. Surprisingly, they observed regres-
sion of some lesions just in stage 1 asymptomatic 
patients for whom observation or pharmalogical 
therapy is recommended.
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 Classification

Ficat and Arlet were the first researchers that 
attempted to classify the femoral head osteo-
necrosis in 1964 [30], when MRI has not been 
invented yet. Cruess modified this classifica-
tion system to humeral head avascular necrosis 
in 1978 [29]. After multiple modifications and 
adding, it became today’s classification system 
that are widely used in orthopaedic surgery. 
Today it is also named as Cruess classification 
(Table 15.2), attributing to his modifications on 
the classification system.

Ficat and Arlet classification system based on 
the collapse progression. Stage 1 shows no radio-
logic changes whereas Stage 5 possess both the 
glenoid and humeral head collapse. Stage 1 and 2 

Table 15.2 Cruess classification (with permission  
from [29])

Stage 1 Normal radiography. MRI changes

Stage 2 Mottled sclerosis on head

Stage 3 Crescent sign on X-ray—subchondral 
fracture on MRI

Stage 4 Collapse

Stage 5 Glenoid involvement

Case

MRI is obtained for further investigation. On 
MRI, avascular lesion is located on superome-
dial portion of the humeral head which is close 
to glenohumeral joint surface and clarifies the 

cause of the pain. Radiological report does not 
showed any collapse or subchondral fracture, 
which makes it a stage 2 lesion depend on the 
Ficat classification system. We planned a core 
decompression with arthroscopy.
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are named as ‘early stages’ and 3, 4 and 5 as ‘late 
stages’. Radiological changes begins with ‘Stage 
2’ and humeral head collapse begins at ‘Stage 3’. 
Crescent sign is typical at this stage and indica-
tive of subchondral fracture. Further subchondral 

collapse makes the lesion ‘Stage 4’. Degenerative 
changes in the glenoid cavity occurs at ‘Stage 5’. 
Ficat system is a very basic system depending on 
radiological changes. It lacks any of the measure-
ments that can be made on femoral head.

a b

c d
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 (a) Palpation of the humeral head avascular 
region with a probe reveals how the cartilage 
is softened.

 (b) Using an ACL tibial guide, for retrograde 
drilling of avascular lesion with an 2.7 mm 
drill.

 (c) ‘Bonoscopy’ (intraosseous endoscopy) was 
made following drilling. The non-bleeding 
zone is clearly seen in the picture.

 (d) Bonoscopy provides active bleeding that was 
seen during the procedure. It would make the 
healing process faster with progenitor cells.

 Treatment

 Conservative

There are many treatment options in current lit-
erature. Surgical solutions are widely used by 
physicians, as there are conflicts about pharma-
cological treatment results.

Pathophysiological pathways are mainly tar-
geted in pharmacological treatments like lipid 
lowering with statins, prostacyclin analogues, 
anticoagulants or bisphosphonates [31]. Most 
studies were performed for avascular necrosis of 
the femoral head but could be tried for humeral 
head due to same pathological causes.

Use of medical management is limited because 
of their ineffectiveness after the disease pro-
gresses in late stages and once an anatomical 
defect is formed, surgery becomes the only alter-
native treatment choice. Lai et al. described the 
effectiveness of bisphosphonates in order to pre-
vent the collapse of effected avascular zone [32]. 
Statins are considered to be useful to prevent the 
osteonecrosis in patients who receive corticoste-
roid treatment [33].

 Surgical

Many surgical methods are available and used in 
current surgical management of osteonecrosis of 
humeral head. We discuss the main surgical treat-
ment modalities that are widely used in practice.

Although a good open reduction is related 
with lower avascular necrosis risk, there are 
doubts about operative treatment of proximal 
humerus fractures increases the rate [34]. This 
could be due to damage to periosteal vessels and 
main vasculature. Minimal invasive methods 
(e.g. arthroscopy assisted) are recommended for 
this type of fracture. Neviaser et al. reported the 
avascular necrosis rates after open reduction fixa-
tion with lateral locking plate [11]. Their results 
are breathtaking with nearly 0% avascular necro-
sis rate with a short term follow up. They also 
used anterolateral approach instead of deltopec-
toral approach. Hepp et al. compared the two 
approaches and found an increased trend of avas-
cular necrosis in deltopectoral group.

Core decompression is the most known option 
for every early stage osteonecrosis of bone. 
Hungerford is the first who describe this method 
in femoral osteonecrosis [39]. Today core decom-
pression is the first step method for early stage 
osteonecrosis (Stage 1-2). Harreld reported 
excellent results with percutaneous small diame-
ter core decompression with improvements in 
UCLA scores and pain [35]. LaPorte received the 
same success in the early stage osteonecrosis 
with the open technique using a 6–10 mm tre-
phine [36].

Arthroscopy have the advantage of being a 
minimal invasive method and it allows the sur-
geon to examine the cartilage tissue and debride-
ment of joint degeneration. It gives the 
opportunity of exact staging and diagnose of the 
disease. Dines was the first who published the 
results of core decompression with arthroscopy 
using an ACL-guide [37]. Early results of this 
study have good results with immediate pain 
relief and improvements in clinical scores 
postoperatively.

However, it is a challenge to deal with the late 
stage osteonecrosis. Core decompression does 
not help lesion to regress and relieve the symp-
toms of the patients with stage 3 or more. 
Hemiarthroplasty can be considered for stage 
3–4 patients. Raiss et al. published significant 
improvements in Constant-score and range of 
motions with a 3-year follow up [38]. Their study 
showed that non-traumatic group had better 
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results than traumatic group. Total shoulder 
arthroplasty (TSA) is another option in patients 
who have a global glenohumeral involvement of 
osteoarthritis. A study comparing the TSA and 
hemiarthroplasty revealed that there is no differ-
ence between two groups in outcomes but TSA 
group have significantly higher complication 
rate. Thus, TSA is recommended for only Stage 5 
patients in which hemiarthroplasty fails to pre-
vent the glenohumeral pain.

Questions
 1. Which joint(s) should be evaluated further for 

osteonecrosis after a patient diagnosed with 
humeral head osteonecrosis?

 A. Ankle
 B. Wrist
 C. Hip
 D. Elbow
 E. Knee

 Hip.

 2. What would be your first diagnostic option 
when a patient referred to your clinic with a 
symptomatic avascular necrosis of the 
humeral head?

 A. MRI
 B. Arthroscopy
 C. X-ray
 D. CT
 E. USG

MRI

X-ray should be the first imaging option of 
every patient with a shoulder complaint but it is 
not sensitive to diagnose early stages of the 
osteonecrosis. MRI is the preferred and sensitive 
imaging method for almost every patient to deter-
mine the stage of the disease. Physicians should 
not forget that arthroscopic diagnosis is more 
sensitive than MRI if the stage of the disease is 
not clearly understood. It also gives the opportu-
nity to treat if the disease is not end-stage.

 3. 45 year old woman diagnosed with sclero-
derma underwent a hip replacement surgery 
1 year ago. She has been using corticosteroids 
for 5 years and will continue to take them as a 

treatment regime for scleroderma. She com-
plaints about mild left shoulder pain at nights 
but she does not need any painkillers. You 
noticed a small sclerosis area at humeral head 
on her X-ray. In which stage do you think that 
osteonecrosis of this patient is (depending on 
clinical and radiological features)?

 A. 1
 B. 2
 C. 3
 D. 4
 E. 5

2.

What is new about this topic?
Archer et al. found no correlation between the 

time of surgery and rate of avascular necrosis in 
traumatic patients. This knowledge leads us pri-
marily that type of injury is more important in 
avascular necrosis pathogenesis.
Rate of Avascular Necrosis and Time to 
Surgery in Proximal Humerus Fractures, 
Musculoskeletal Surgery 2016 September, 
Archer LA, Furey A.
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Soft Tissue Disorders

Dogac Karaguven and Osman Orman

Despite the fact that our knowledge about shoul-
der anatomy, biomechanics, diagnosis and treat-
ment, an area about shoulder pain and disabilities 
are still in mist. Early 1900s these shoulder prob-
lems are roughly named shoulder periarticular 
disorders, after then some disorders are named 
like calcific tendinitis, frozen shoulder, bicipital 
tendinitis. Now we have a rich knowledge about 
these conditions—thanks to MRI and arthros-
copy—but they are still not clear. In this chapter 
we will discuss these problems; frozen shoulder, 
calcific tendinitis, long head of the biceps tendon 
problems and snapping shoulder.

 Snapping Scapula Syndrome

 Introduction

Snapping scapula syndrome causes pain and 
crepitation in the superomedial region of scapula 
due to abnormal scapulothoracal movements 

which disrupt the relationship between scapula 
and the thorax, a bony or soft tissue mass in this 
region or chronic scapulothoracic bursitis [1].

 Anatomy

Two bursae can be found in the scapulothoracic 
region; the infraserratus and the supraserratus 
bursa. The infraserratus bursa lies between the 
serratus anterior muscle and the chest while the 
supraserratus bursa lies between the serratus 
anterior muscle and the subscapularis muscle. 
Other burase can be found in the superomedial, 
inferomedial region of scapula and the medial 
side of spina scapulae where they are considered 
pathologic.

 Pathoanatomy

Inflammation secondary to overuse of the 
shoulder girdle can cause scapulothoracic bur-
sitis. Other than bursites, other soft tissue 
problems such as elastofibromas, fibrotic or 
abnormal muscles around the scapula can 
cause snapping scapula. Osteochondromas, 
rarely chondrosarcomas, abnormal scapular 
anatomy (contact with chest wall secondary to 
superomedial angle being greater than 140°), 
malunion in the scapula or the ribs can also 
cause this syndrome [1, 2].
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 Diagnosis

Patients often complain of moderate to severe 
pain and crepitation. Pain is usually located on 
the superomedial of the scapula and is completely 
unrelated to activity. A mass can be palpated on 
the scapular region which can point to a tumoral 
growth or winging can be observed which is a 
sign of scapulothoracal diskinesia [1, 3].

Direct graphy, anteroposterior shoulder, axil-
lary and lateral scapular imaging are valuable in 
discerning tumors of the soft tissue and bones, 
old traumas of the scapula and ribs and mal-
unions. If tumoral growth is suspected, CT—
three dimensional CT—or MRI must be 
performed following direct graphy [4].

 Treatment

Primary treatment is nonsurgical such as activity 
modification, non-steroid antiinflammatory drugs 
and physical therapy. In physical therapy posture 
must be corrected, the muscles around the scapula 
must be stretched and strengthened. If inflamma-
tion is present, corticosteroid injection into the 
bursa is both diagnostic and therapeutic [5, 6].

Patients who do not benefit from these inter-
ventions may require surgery due to tumoral rea-
sons for snapping scapula. Surgery usually 
involves excision of the inflamed bursa and 
2–3 cm resection of the superomedial corner of 
the scapula until the bony protrusion is elimi-
nated. Mass excision is applied in situations aris-
ing from a mass [7, 8].

 Diseases of the Long Head 
of the Biceps

 Introduction

Although diseases concerning the long head of 
the biceps (LHBT) were described approximately 
300 years ago, the role of this tendon and its clin-
ical relevance is subject to debate. Lippman 
defines the long head of the biceps as “an 

 unimportant tendon unless something goes 
wrong with it” [9, 10]. LHBT is believed to 
slightly depress caput humeri in the normal 
shoulder and to be a weak stabilizer of the shoul-
der. LHBT disorders can be as isolated condi-
tions, but they are mostly with other shoulder 
issues such as rotator cuff tears (90%) [11, 12]. 
Tendonitis, instability, subluxation, dislocation, 
partial or complete tears are the common disor-
ders of the long head of biceps tendon.

 History

• First proper biceps and bicipital groove anat-
omy descriptions appeared in the 1400s [10].

• First reported LHBT dislocation 1694 [10, 13].
• Biceps tendinitis recognized and described by F. 

Pasteur (1932) and Schrager (1938) [10, 14, 15].
• Neer described anterior impingement that 

causes wear on the rotator cuff and LHBT in 
1972 [16].

• Walch described biceps pulley and pulley 
lesions in 1993 [17].

 Anatomy

LHBT consists of three parts:

 1. Origo which consists of the superior labrum 
and the biceps anchor. Although there are 
variations of the superior of the glenoid 
labrum and the supraglenoidal tubercle, it 
usually originates from the posterior. 
Attachment types: Tip1 attaches entirely to 
the posterior labrum; Tip 2 predominantly to 
posterior plus some anterior labrum; Tip 3 
attaches equally to anterior and posterior; Tip 
4 mostly anterior [18].

 2. Intraarticular part, which is found in the rota-
tor interval and the part. The average length of 
the LHBT from supraglenoid tubercule to the 
musculotendinous junction is 99 to 138 mm 
[19]. The origo part is usually flat fibrocarti-
lage and gets round as it approaches bicipital 
groove. Blood supply is provided by the 
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osteotendinous branches of the thoracoacro-
mial artery and musculotendinous branches 
from the brachial artery; there is a hypovascu-
lar area 1.2–3 cm from the tendon origo [20]. 
The intraarticular part of the LHBT is par-
tially stabilized by the biceps pulley. This pul-
ley mechanism is formed by the superior 
glenohumeral ligament (SGHL), corachoac-
romial ligament, deep fibers of the subscapu-
laris and the supraspinatus tendon. [21]

 3. Extra-articular part which is found in the bicipi-
tal groove. It is divided into three zones: [22]
 (a) Zone 1; bony groove starting from biceps 

pulley to the distal margin of the subscap-
ularis. The bicipital groove is found 
between the tuberculum major and minor; 
the depth of this groove, although its 
depth and angle varies between individu-
als, is around 4.3 mm (range 4–7 mm) and 
the medial wall angle is 56° (range 
40–70°) [23]. The biceps tendon is loosely 
stabilized by the transverse humeral liga-
ment which is formed by fibers from the 
subscapularis muscle and the supraspina-
tus tendon in the Zone 1 of the bicipital 
groove.

 (b) Zone 2; is the region between the distal 
margin of the subscapularis and the proxi-
mal margin of the pectoralis major ten-
don. This part of the tendon cannot be 
visualized by arthroscopy or from open 
subpectoral exposure below.

 (c) Zone 3; subpectoral region. From zone 1 
to zone 3; osseos bicipital groove becomes 
flattened and synovium disappears [23].

The function of LHBT is still an issue of debate. 
LHBT seems to slightly depress caput humeri in 
the normal shoulder and to be a weak stabilizer of 
the shoulder [23–26].

 Pathology

The lesion can be on the origo of the tendon, on 
the part found in the rotator interval, in the bicip-
tal groove or on the musculotendinous junction.

• At the origo; SLAP lesions appear at this part.
• Intraarticular—rotator interval—part; LHBT 

ruptures are usually found in the hypovascular 
area which is 2.5 cm from the origo and may 
be partial or complete [20]. LHBT tendinopa-
thy is chronic inflammation, fibrotic degenera-
tion, decrease in the number of axons in the 
distal portion of the tendon [27]. Another 
intraarticular lesion is the hourglass biceps 
that is caused by a hypertrophic intraarticular 
portion of the tendon that is unable to slide 
into the bicipital groove during elevation of 
the arm, which can be compared with the con-
dition of trigger finger in the hand [28]. 
Instability, subluxation and dislocation of the 
LHB tendon is seen where the biceps pulley is 
disrupted. Supraspinatus tears that affects this 
pulley causes posterolateral instability and so 
subscapularis tears causes medial instability. 
Dislocation of the LHBT only happens medi-
ally through the disrupted subscapularis ten-
dons deep fibers [29].

• Extraarticular—bicipital groove–part; although 
LHBT tears usually extend to the bicipital 
groove [30]. Loose bodies, scar tissue, partial 
LHBT tears, osseous stenosis, osteophytes, 
instability, synovitis, and inflamed vincula can 
be seen [30]. From zone 2 to zone 3 bicipital 
tunnel there is a narrowing that forms a bot-
tleneck for many lesions such as loose bodies 
which leads to an aggregation of space occu-
pying lesions in zone 2 and produces bicipital 
tunnel syndrome. [22, 30].

 Classification

Diseases of the LHBT are classified differently 
by various authors. These classifications are 
made by the location of the lesion, the situation 
of the tendon and the rotator cuff. Partial or full 
rotator cuff tear may accompany 90% of the 
biceps tendon pathologies [11, 12]. The 
Habermeyer and Walch Classification which 
includes biceps tendon problems and accompa-
nied rotator cuff tears can be found below 
(Table 16.1) [31].
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Habermeyer et al. also classified biceps sling 
pathologies and the LHB tendon’s condition 
(Table 16.2 with permission from 21)

 Etiology

To the contrary, the LHB tendon disorders are 
mostly multifactorial. Leading causes are the 
location and the blood supply of the tendon [10]. 
Abduction occasions an avascular zone in the 
intracapsular portion of LHBT. Repetitive over-
head activities because of the occupational causes 
makes the tendon prone to rupture, dislocation 
and elongation [10, 32]. Intra articular biceps ten-
don lesions can happen with a fall on the over-

stretched hand that drives humeral head up into 
the labrum and the tendon [33]. As in the major-
ity of the tendon problems in the younger patients, 
repeated trauma are the major inciting factors. In 
older patients, degenerative changes in the ten-
don are the predominant etiologic factor [10].

 Diagnosis

Patients with LHBT lesions often complain of 
anterior shoulder pain, the pain can radiate along 
the biceps muscle or the origo of the deltoid. The 
pain is more pronounced during the night. 
Popping-snapping may be observed during 
throwing in patients with biceps tendon instabil-
ity. Popeye sign can be observed in patients 
whose biceps is completely torn as the bulge of 
the muscle is displaced distally.

Physical examination is not completely reliable. 
Minor loss of motion in abduction and internal 
rotation in addition to tenderness on the bicipital 
groove (over the bicipital groove when the shoulder 
is at 10° internal rotation). There are some special 
examination methods such as Speed’s test, 
Yergason’s test, biceps instability test, Ludington’s 
test, Hueter sign and the uppercut test:

• Speed test is the existence of pain during the 
flexion of shoulder against resistance while 
the elbow is on extension and supination.

• Yergason test is the existence of pain during 
supination of the forearm against resistance 
while the shoulder is neutral and elbow is 
flexed.

• Uppercut test is the existence of pain during 
shoulder flexion when the shoulder is neutral, 
elbow is flexed, and forearm is supinated 
while force is applied to the patient’s fist.

• For Hueter sign, pronation and supination 
forces of the forearm is compared while the 
shoulder is neutral and the elbow is flexed; 
supination is weakened in patients with LHBT 
problems.

• In biceps instability test, a popping sensation is 
found during shoulder switching from external 
rotation to internal rotation while the shoulder is 
in 90° abduction and the elbow is in 90° flexion.

Table 16.1 Habermeyer and Walch classification (with 
permission from 31)

1. Origo

2. Interval lesions

  (a) Biceps tendinitis

  (b) Isolated ruptures

  (c) Subluxation

    • Type I: superior

    • Type II: Inside the groove

    • Type III: tuberculum minor fracture/nonunion

3. Accompanied by rotator cuff tears

  (a) Tendinitis

  (b) Dislocation

    • Type IA: Extra-articular partial subscapularis tear

    • Type IB: Extra-articular subscapularis intact

    • Type II: Intra-articular

  (c) Subluxation

  (d) Rupture

Table 16.2 Biceps Sling pathologies classified by 
Habermeyer

Group 1 Isolated lesion at SGHL

Group 2 Lesion at SGHL and particular articular side 
tears of the supraspinatus tendon (PASTA); 
results in lateral LHB tendon subluxation

Group 3 Deep surface tears of the subscapularis and 
SGHL; results in medial LHB tendon 
subluxation

Group 4 Deep surface tears of the subscapularis, 
SGHL and PASTA; results in medial and 
lateral instability of the LHBT
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• In Ludington test the patient is asked to con-
tract both biceps brachii in an isometric fash-
ion while both hands are behind the head and 
biceps mass is evaluated; this test is used to 
detect partial or complete tearing of the LHBT.

In biceps tendon diseases Speed test and 
uppercut test being positive at the same time is 
highly specific [34].

Direct radiography can be used to evaluate the 
bicipital groove, tuberculum major and minor 
with special defined positions such as the Fisk 
method (both arms are placed on the casette 
while both forearms are supinated and the patient 
leans forward, x-rays are directed perpendicu-
larly to the bicipital groove) [35] and the bicipital 
groove position (the shoulder is brought to full 
external rotation while the patient lies supine and 
x-rays are directed to the humerus coronal plane 
at 15°) [36].

LHBT tendinitis, tears, dislocations and bicipi-
tal groove can be diagnosed via ultrasonography. 
Acute tendinitis is characterized by the anechoic 
enlargement of the sheath, as the inflammation 
persists tendon becomes thick and diffuse 
hypoechoic. Complete ruptures are identified 
with the non-visualization of the within the bicipi-
tal groove (empty groove sign) however, partial 
LHB tears may be missed. Osseous abnormalities 
as osteophytes and spurs of the bicipital groove 
can also be recognized. Dynamic USG can be uti-
lized for the diagnosis of biceps instabilities [37, 
38]. USG findings correlated to arthroscopic find-
ings are found to be %100 specific and %96 sensi-
tive for subluxation and dislocation whereas it is 
%50 sensitive for other LHBT pathologies [37].

MRI and MRI arthrography can be helpful in 
diagnosis of biceps tendon lesions. The intraar-
ticular part of the tendon can be visualised in the 
coronal and sagittal planes while the intra- 
bicipital groove part can be visualized in the axial 
planes [39]. Intraarticular fluid is increased and 
the periphery of the bicipital groove is edematous 
in biceps tendinitis [39]. Tendon hypertrophy and 
an increase in intensity can be seen in T1 and T2 
if degenerative tendinitis is present. Tendon can-
not be visualized in some bicipital groove (empty 
groove sign) slices if the tendon is ruptured (dis-

location must be ruled out) [40]. LHBT is seen 
over the tuberculum minor in dislocation.

Arthroscopy is the gold standard for the diag-
nosis of LHBT pathologies. Lafosse has classi-
fied tendon pathologies according to arthroscopic 
findings. Grade 0 for normal tendons, Grade I for 
minor lesions affecting lesions less than 50% of 
the tendon, fraying and erosion and Grade II for 
major lesions affecting more than 50% of the ten-
don, fraying and erosion. The part inside the 
bicipital groove must be evaluated by applying 
traction with the probe during arthroscopic inves-
tigation. Moreover, cartilaginous irregularities of 
the humeral head around the bicipital groove may 
point to biceps tendon pathologies [29].

 Treatment

The problem in the biceps tendon and any other 
shoulder pathologies which accompany it must 
be identified prior to the initiation of the treat-
ment. Rotator cuff pathologies, glenohumeral 
arthritis or adhesive capsulitis accompany most 
of the biceps pathologies.

 Non-operative

First line treatment of the LHBT pathologies are 
usually nonsurgical. Methods such as non-steroid 
anti-inflammatory (NSAID) treatment, activity 
modification, steroid injection and physical treat-
ment can be utilized.

• Despite the common practice prescribing 
NSAIDs, there is little evidence that they are 
efficacious in treating chronic tendon injuries 
[41] and should include a discussion of the 
gastrointestinal, renal, and cardiovascular 
risks of NSAIDs. Steroids must be injected 
into the joint and bicipital groove, not into the 
tendon itself; multiple case reports discuss the 
risk of tendon rupture [41, 42].

• Corticosteroid injections alone provide short- 
term anti-inflammatory effects therefore a 
multiphase physical rehabilitation program 
should be initiated. Since these injections have 
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the potential to reach the glenohumeral joint 
used in combination ropivacaine with cortico-
steroid should be used as ropivacaine is found 
to be less chondrotoxic than bupivacaine [43].

• A recent protocol called regenerative injection 
therapy (RIT) which uses different injectates 
to induce an inflammatory response in an 
attempt to heal and regenerate damaged tissue 
is gaining favor. RIT treatments include prolo-
therapy (dextrose solution, sodium mor-
rhuate), platelet-rich plasma (differing 
concentrations of platelets, white blood cells, 
red blood cells, and activated and inactivated 
platelets), and stem cells (circulating stem 
cells, adipose derived, bone marrow aspirate, 
bone marrow aspirate concentrate, amniotic 
membrane derived) [44].

• Multiphase physical rehabilitation program 
for LHBT disorders can be summarized as: 
Rehabilitation phase 1 focuses on pain man-
agement and pain-free passive range of motion 
with the inclusion of additional modalities as 
needed. Rehabilitation phase 2 focuses on 
pain-free active range of motion with basic 
strengthening against gravity. Rehabilitation 
phase 3 focuses on advanced rotator cuff and 
periscapular strengthening. Rehabilitation 
phase 4 focuses on return to activity and return 
to sport [44].

If the age of the patient with ruptured tendon 
is advanced, surgery is usually not advised. 
Patients who do not undergo operations may suf-
fer from cosmetic problems (Popeye sign) pain- 
cramps (which resolve in 6–8 weeks) and 
weakness in forearm supination. Weakness in 
elbow flexion can also be observed, which is sub-
ject to debate in literature [45–47].

 Operative

Surgery is advised in patients whose partial- 
thickness tear of the LHB tendon of >25% to 
50%, medial LHB subluxation, and LHB sublux-
ation in the setting of a tear of the subscapularis 
tendon or biceps pulley/sling [48, 49]. LHB ten-
dinitis that is refractory to nonsurgical manage-

ment is a relative indication for surgery [48]. 
Additionally a hourglass LHB or severely 
inflamed “lipstick” LHB findings that are recog-
nized during arthroscopy are other indications for 
surgical management [28].

Surgery usually involves two methods; tenot-
omy and tenodesis. Many studies have compared 
these two methods and state that there are no sig-
nificant differences other than the cosmetic 
deformity. Tenotomy can be performed with a 
relatively simple and reproducible technique that 
provides predictable pain relief and requires little 
postoperative rehabilitation with cosmesis prob-
lems known as “Popeye deformity” and fatigue 
discomfort are potential problems [50]. Yet both 
technique offers a high satisfactory pain relief. 
Tenotomy is advised for patients who are old, 
obese and with low expectancies while tenodesis 
is advised for patients who are younger than 40 
and have higher expectancies [51].

• Arthroscopic debridement and biceps tenot-
omy: LHBT should evaluated dry without 
pump pressure because the infusion fluid may 
compress peritendinous vessels and cause 
inflamed synovium to appear normal. 
Intertubercular regions of the LHBT should 
brought by the probe into the joint because 
pathologic areas are mostly in the groove. 
Also the stability of the tendon must be exam-
ined with probe by attempting subluxate the 
tendon. Some surgeons may elect to debride 
the LHB tendon with a shaver in the patient 
with arthroscopic evidence of <30–50% of 
intraarticular LHB fraying without instability. 
Where the tenotomy is indicated it should be 
excised with extra tissue at the point of adhe-
sion to the glenoid is advised for tenotomy. 
This method will prevent the retraction by 
pinching of the  proximal tendon in the bicipi-
tal groove entrance and thus avoid the Popeye 
sign [52–54].

• Tenodesis is favored for younger, high demand-
ing patients. The area and fixation technique for 
tenodesis varies. Tenodesis can be made inside 
the bicipital groove or outside the groove with 
excising the inflamated tendon proximal por-
tions. Tuberculum minor, coracoid, bicipital 
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groove, humerus under the pectoralis major, 
biceps muscle and the pectoralis major itself 
are candidates for tenodesis areas. Fixation 
may be done via bone tunnels, keyholes, suture 
to bicipital groove, interference screws and 
suture anchors. Tenodesis can be performed 
with arthroscopical techniques, open tech-
niques such as subpectoral open biceps tenode-
sis can be used [55–58]. Velcro bandage is 
applied for 3 weeks postoperatively, passive 
elbow and shoulder movements are initiated as 
soon as possible. Gentle active exercises are 
initiated at the first month while strengthening 
exercises are initiated at the second month.

 Calcific Tendinitis of the Shoulder

 Introduction

Calcific tendinitis of the shoulder is a common dis-
order and is characterized by the presence of degen-
eration and calcification inside or around the 
insertion points of rotator cuff tendons, which 
causes acute and chronic pain. It is caused by multi-
focal accumulation of calcium hydroxy apatite 
crystals and inflammation near these deposits. 
Radiologically evident calcification has been 
reported in 7.5–20% of adults with no symptoms 
and in 6.8% of those with shoulder pain [59]. The 
most frequently involved tendon is the supraspina-
tus tendon, and in 10% of patients the condition is 
bilateral. Calcification can also occur in the infra-
spinatus and more rarely in the subscapularis ten-
don. The disorder is commonly seen in women 
slightly more than men and between 30 and 60 years 
of age. Workers who work at sedentary jobs are 
affected more than those working at a higher tempo 
[60, 61]. Although the pathogenesis of calcific ten-
dinitis is still a matter of controversy it may be seen 
in young individuals with endocrine disorders such 
as diabetes and thyroid disorders [62].

 History

In 1872, Dupley was the first to recognize the 
subacromial bursa and assumed that it was the 

source of pain in shoulders and he named the 
condition as painful periarthritis of the shoulder 
[63]. Painter used roentgenography to demon-
strate the radiologic appearance of the disease, 
but he supposed that calcific deposits were in the 
bursal area [64]. Codman realized that the cal-
cific deposits actually developed either inside or 
near the tendons and Bosworth reviewed the 
radiographs in a large series of patients and 
reported an incidence of 27% of calcific tendini-
tis of the shoulder. The condition was asymptom-
atic in 35% of the cases and supraspinatus tendon 
involvement was detected in 51% [65].

 Pathogenesis

The reason for the deposition of calcium hydroxy- 
apatite crystals in the tendon is still a matter of 
controversy. Two primary mechanisms have been 
suggested. Codman proposed that degenerative 
changes were necessary before the tendon would 
calcify which has similarities with degenerative 
lesions of the rotator cuff and further Moseley 
supported this by defining an avascular zone in 
the tendons insertion site [66, 67]. Uhthoff and 
Loetr proposed a multiphasic disease theory 
which suggested that the deposition of calcium in 
the tissues was followed by spontaneous resorp-
tion resulting in the calcific tendinitis. This pro-
cess relies on cellular mediation, which promotes 
both the infiltration and removal of calcium from 
the area. Uhthoff and colleagues described three 
stages in the disease process which are precal-
cific, calcific and postcalcific stages. Gousen and 
Hoet reported four phases (precalcific, formative,  
resorptive and recovery) [61, 68].

The disorder has four stages. The first, precal-
cific stage, involves metaplasia of fibrocartilagi-
nous tissue within the tendon. Patients usually do 
not have any symptoms in this stage. In the sec-
ond stage, the formative stage, calcification 
develops within the cuff. This process may be 
asymptomatic or may be associated with differ-
ent degrees of pain at rest or when in movement, 
especially abduction. The third stage is the 
resorptive stage, which is characterized by vascu-
lar invasion, oedema, migration of phagocytic 
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cells, and increased intratendinous pressure. It is 
the most incapacitating for patients because of 
the extravasation of the calcium crystals into the 
subacromial bursa which can cause persistent 
severe pain and restriction of movement that typi-
cally lasts for 1–2 weeks. During this stage, the 
patients may exhibit systemic symptoms such as 
fever and malaise [69]. Some patients may even 
have elevated erythrocyte sedimentation rates 
and neutrophilia. Joint sepsis and gout must be 
ruled out in such patients.

The postcalcific stage is characterized by 
granulation tissue which replaces the space left 
behind by the removal of calcium deposit. This 
phase may last several months and is associated 
with mild-moderate pain and restricted function.

Other theories introduced in recent years 
include involvement of other factors, abnormal 
thyroid gland, metabolic disease (e.g. diabetes) 
and genetic predisposition to the formation of 
calcium deposits [62].

 Classification

The evaluation of calcific tendinitis is based 
mainly on imaging studies, such as: x-rays, ultra-
sound (US) and magnetic resonance (MR) of the 
shoulder. The radiographic findings of calcifying 
tendinitis were first described by Painter in 1907. 
Since then several classifications of calcifying 
tendinitis have been proposed. DePalma classi-
fied calcifying tendinitis into two types: type I, 
fluffy and amorphous; type II, defined and 
homogenous. Type I calcifications are most com-
monly seen in patients with acute symptoms, and 
type II calcifications are most commonly 
observed in patients with chronic symptoms [70]. 
Gärtner [71] proposed a radiographic classifica-
tion based on the morphological appearance of 
the calcification and correlated this with the fre-
quency of resorption after needling. Loew et al. 
[72] proposed the first MR classification based 
on the morphological appearance of the calcific 
tendinitis. However, Maier [73] assessed the 
intraobserver reproducibility and interobserver 
reliability of the various classification systems 
using plain radiographs and CT scans and deter-

mined that the scores showed insufficient reli-
ability and reproducibility that still remained 
statistically insignificant to be recommend as a 
routine investigation.

Gartner and Heyer Classification of Calcific 
Tendinitis

Type I •  Well circumscribed, dense calcification, 
formative

Type II  • Soft contour/dense or sharp/transparent

Type III •  Translucent and cloudy appearance 
without clear circumscription, resorptive

Mole et al. [74] Classification of Calcific 
Tendinitis

Type A • Dense, homogeneous, sharp contours

Type B  • Dense, segmented, sharp contours

Type C  • Heterogeneous, soft contours

Type D •  Dystrophic calcifications at the insertion 
of the rotator cuff tendon

 Diagnosis

For clinical evaluation and management of calci-
fying tendinitis, it is essential to understand the 
pathogenic mechanism of this disease. The clini-
cal presentation can range from an incidental 
finding on the x-ray without symptoms to func-
tional disability with acute, severe pain. The pre-
sentation of the disorder can be divided into three 
clinical stages (acute, subacute, chronic). The 
acute phase is characterized by spontaneous 
resorption of calcium, in which the calcium 
deposits are thick and creamy if removed. In this 
stage the pain is usually predominant and the rea-
son of the pain is the influx of the resorption 
products to the bursal area. In the chronic phase, 
calcium crystals are deposited in the matrix vesi-
cles and the calcium appears chalklike in the 
excision material. Although in most patients pain 
is related with the acute phase of the disease, also 
the episodes of acute pain can be associated with 
the flare-ups of the chronic tendinopathy. 
Generally, the acute phase lasts about 2 weeks; 
however, pain and movement restriction may 
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extend up to 3–8 weeks during the subacute 
phase [75].

The symptoms of calcific tendinitis can mimic 
the clinical presentation of subacromial impinge-
ment syndrome such as atraumatic pain (most 
severe in the resorptive phase), catching, crepi-
tus, mechanical block, and pain when the affected 
arm is especially in abduction. Patients can have 
sleep difficulties because of the night pains. The 
pain tends to be at night and patients are con-
cerned about interrupted sleep. Ruling out other 
causes of shoulder pain like cervical radiculopa-
thy, bursitis and bicipital tendinitis are important 
because calcium deposits seen on radiographs 
may be asymptomatic in 20% of cases [70]. In 
physical examinations the shoulder is often swol-
len and warm. The pressure applied over the 
supraspinatus insertion may exacerbate the pain. 
In the acute phase, the pain tends to be severe and 
allows only limited shoulder motion, but in the 
subacute and chronic phases, pain can be mild 
and generally shoulder motion is allowed [60]. 
Rarely the pain is about the onset of rare compli-
cations not related to the evolution of the disease 
such as adhesive capsulitis, rotator cuff tears 
pathology of the long head of biceps or osteolysis 
of the greater tuberosity [76–78].

Neer classically described four types of pain. 
First is caused by chemical irritation of the tissue 
by calcium deposits, second is the increased tis-
sue pressure because of the swelling, third is the 
impingement like pain due to bursal thickening 
or deposits irritation and the last is caused by 
chronic stiffening of the glenohumeral joint due 
to voluntary prolonged immobilization [79].

Standard radiographs in AP views in internal 
rotation and external rotation, outlet and axillary 
views are used for diagnosis and follow-up of 
calcific tendinosis. Calcium deposits located in 
the supraspinatus tendon can be seen on a true AP 
view and are usually found 1–1,5 cm from supra-
spinatus tendon insertion. Following the changes 
in the calcific deposits by radiographs is useful to 
assess the process of the disease. IR view used to 
localize infraspinatus and teres minor and ER 
view shows subscapularis calcification. The axil-
lary view is used for identifying deposits located 
in the subscapularis tendon.

The calcification seen in arthropathies have a 
distinct appearance and must be distinguished 
from calcific tendinopathy. Arthrophathies can be 
recognized by acromioclavicular space narrow-
ing, degenerative bony and articular changes and 
calcification that extends into the bone [68, 80].

CT may characterize the three dimensional 
shoulder anatomy. USG examination is a funda-
mental tool in diagnosis and also utilized for 
guidance during needle decompression and injec-
tion. Use of high resolution USG reveals the 
presence of deposits and also their locations in 
the tendon, sizes and texture. In the resting phase, 
the deposits appear hyperechoic and arc shaped, 
while they appear non-arc shaped in the resolving 
plane, which can also be correlated with the 
symptomatic and asymptomatic phases of the 
disease [81].

MRI has limited utility in the diagnosis of cal-
cific tendinitis. The accuracy of MRI in identify-
ing calcific deposits is around 95% and the 
deposits have low signal intensity on all 
sequences. MRI is more useful in cases of chronic 
calcific tendinosis since these may be associated 
with rotator cuff tears, adhesive capsulitis and 
osteolysis of greater tuberosity [82].

 Treatment

There are several options in the management of 
calcific shoulder tendinitis including conserva-
tive approaches and surgical modalities. However, 
the condition is also self limiting without any 
treatment and spontaneous resolution is likely 
ranging from 9.3% after 3 years and in 27% after 
10 years [65]. Among all options, conservative 
management should be the first line approach in 
all phases with the reported success of 90% [83]. 
Non- steroidal anti-inflammatory drugs, physical 
therapy, stretching and strengthening, steroid 
injections, ultrasound guided therapy and ESWL 
are currently considered options of conservative 
management. However, approximately 10% of 
patients are resistant to the above mentioned 
modalities and patients appear to remain in a pro-
longed formative phase with chronic symptoms 
[84]. Surgical options such as open or arthroscopic 
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surgery are associated with complete clinical 
improvement in the majority of cases (80–100%), 
particularly in those refractory to conservative 
treatment [85].

The main rationale of conservative treatment 
is to maintain the motion integrity of the shoul-
der and to provide complete pain relief. 
Restricting complete motion of the affected arm 
using a sling along with NSAII treatment is the 
mainstay of treatment. Following complete con-
trol of the pain, range of motion, pendulum and 
muscle strengthening exercises are recom-
mended options. Numerous studies have dem-
onstrated the effectiveness of physical modalities 
on calcific tendinitis [86–89]. Steroid injection 
is one of the conservative options in these cases. 
Despite the beneficial effect of steroid injections 
in patients with impingement signs, the treat-
ment has been criticized to inhibit the resorption 
of calcific depositions [90–92]. There are sev-
eral factors that might influence the conserva-
tive treatment’s success in literature. Bilateral 
calcific tendinitis, medial extension and high 
volume of calcific deposits and occurrence of 
deposits near the anterior portion of the acro-
mion have been proposed as drawbacks, whereas 
type 3 calcific deposits and lack of sonographic 
sound may be attributed as favorable factors that 
significantly reduce the probability of treatment 
failure [93].

Extracorporeal shock wave therapy seems to 
be an effective treatment option for calcific tendi-
nitis, which is based on the use of shock waves 
and pressure impulses capable of producing frag-
mentation of calcific deposits and reduction of 
pain. High energy shock wave therapy should be 
considered before surgery in patients with 
chronic calcific tendinitis after a minimum of 
6 months of unsuccessful conservative treatment 
or clinical signs of subacromial impingement 
[94]. The efficacy of ESWL has been confirmed 
in several prospective studies and favorable 
results have been reported in terms of patient sat-
isfaction [95–97].

Another treatment option is the ultrasound 
guided needle lavage technique, in which two 
needles are used to create an inflow–outflow 
irrigation system for lavage. It is believed to 

work by decompressing the intratendinous 
pressure of calcium deposit and addition lavage 
may help remove part of the deposit. A small 
amount of saline and anesthetic can be injected 
around the calcification and aspiration of cal-
cific material can be done with the other nee-
dle. Finally, steroids will be injected to provide 
sudden relief. Needle aspiration of calcific 
deposits is known to be effective, especially 
during the resorptive phase, and reported clini-
cal variable success rates in calcific tendinitis 
[98–101].

Surgical treatment is a remaining option for 
patients in which prolonged conservative therapy 
has failed and the deposits do not show signs of 
spontaneous resolution on radiographs. Mostly 
surgery is indicated when the severe disabling 
symptoms persist for more than 6 months, which 
usually corresponds to the chronic formative 
phase [102].

After favorable results have been described in 
the literature with open removal of calcific depos-
its, arthroscopy has become the preferred tech-
nique to treat the chronic formative phase of 
calcific tendinosis, offering results similar to 
open surgery but with less morbidity of deltoid, a 
shorter rehabilitation time, better functional 
results and cosmetic appearance [103–105].

However, there are some controversial issues 
concerning arthroscopic treatment such as repair-
ing versus leaving the defect created by removing 
all calcium deposits, substraction of all deposits 
versus partial eradication and finally the need for 
a subacromial decompression in addition to 
removal of the calcific tendinitis. There are many 
studies showing favorable results in the literature 
on all debating issues [106].

 Adhesive Capsulitis

The aim of this chapter is to describe history, eti-
ology, pathogenesis, and treatment of adhesive 
capsulitis. Adhesive capsulitis is associated with 
painful global limitation of both active and pas-
sive shoulder motion resulting from progressive 
fibrosis and contracture of the joint capsule that 
mostly involves the rotator interval.
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 History of the Disease

• In 1934, Duplay [107] described this condi-
tion as “peri-arthritis scapulohumerale”.

• Codman [108] first used the term “frozen 
shoulder” to indicate a condition of tendinitis 
with secondary involvement of the subacro-
mial bursa.

• Neviase [109] described the pathological 
lesion of fibrosis, inflammation and capsular 
contracture for frozen shoulder and used the 
term “adhesive capsulitis”.

• The current consensus definition is “a condi-
tion of uncertain etiology characterized by 
significant limitation of both active and pas-
sive shoulder motion that occurs in the absence 
of a known intrinsic shoulder disorder and 
radiographic findings other than osteopenia” 
[110]. Many other conditions such as rotator 
cuff tears, calcific tendonitis, and glenohu-
meral arthritis may cause stiff and painful 
shoulder. However, these conditions lack true 
capsular contracture and restriction in passive 
range of motion, and should not be considered 
as adhesive capsulitis [111].

 Etiology

Key Points
• Adhesive capsulitis is commonly seen in middle 

aged female patients with diabetes mellitus.
• A thorough history and physical examination 

is needed to distinguish primary adhesive cap-
sulitis from other conditions.

Adhesive capsulitis is a common condition 
that is seen in approximately 2–5% of the gen-
eral population, and the patients are commonly 
female between 40 and 60 years of age [112]. 
The nondominant hand is more frequently 
involved, but the condition often presents itself 
bilaterally and affects the contralateral side 
years after the onset of symptoms in the first 
shoulder [113]. The same shoulder is not usu-
ally affected twice.

Adhesive capsulitis is usually seen in patients 
with diabetes mellitus, thyroid dysfunction, 

Dupuytrens contractures, autoimmune disease, 
and the treatment of breast cancer [114]. 
Cerebrovascular accident and myocardial infarc-
tion have been associated with adhesive capsuli-
tis. It is more common in sedentary patients. It 
has been reported that 20–30% of patients have 
had a minor shoulder trauma, but it still remains 
unclear whether this is a posttraumatic condition 
[113]. The disease may also occur after open and 
arthroscopic rotator cuff repair, acromioplasty 
and fracture fixation.

The primary adhesive capsulitis is described 
as idiopathic capsular inflammation and fibro-
sis of shoulder [114]. Previous shoulder trauma, 
surgery or other diseases may cause the second-
ary adhesive capsulitis. In these cases, develop-
ment of adhesive capsulitis is related to 
prolonged immobilization and pain. Diagnosing 
primary or secondary disease can be challeng-
ing and they commonly overlap. Patients with 
stage 2 primary adhesive capsulitis were found 
to have supraspinatus partial-thickness tears 
[115]. A thorough history and physical exami-
nation would help the surgeon to distinguish 
primary adhesive capsulitis from other 
conditions.

 Pathogenesis

Adhesive capsulitis is thought to be a combina-
tion of synovial inflammation and capsular 
fibrosis [111]. Cytokines such as VEGF, TGF-b, 
PDGF, IL-1b and TNF-a have been implicated 
in playing a role in the pathogenesis [116, 117]. 
Abnormal expression of matrix metalloprotein-
ase inhibitors is involved in the pathogenesis of 
the disease [118]. The histological examination 
reveals a vascular, collagenous tissue with dense 
fibroblasts and myofibroblasts. The active fibro-
blast process in adhesive capsulitis is similar to 
Dupuytren disease [119]. There are few theories 
about the high incidence of adhesive capsulitis 
in diabetic patients. Excessive glucose concen-
tration in diabetic patients may lead to a faster 
rate of collagen glycosylation and cross-linking 
in the shoulder capsule that is limiting shoulder 
motion [120].
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 Classification

Based on the physical and arthroscopic examina-
tion, the disease progresses through four stages 
which, are described by Neviaser [121]. Hannafin 
described histologic progression throughout the 
various stages [122] (Table 16.3). Understanding 
these stages is important so as to apply appropriate 
treatment. Early loss of external rotation with intact 
rotator cuff strength is characteristic for stage 1 
adhesive capsulitis. Stage 2 is referred to as “freez-
ing stage” in which both internal and external rota-
tion, flexion and abduction motion is limited. This 
stage lasts between 10 and 36 weeks. In stage 3 
“frozen stage”, the main complaint of patients is 
severe stiffness. This phase can last from 4 to 
12 months. Stage 4 is referred as the chronic stage 
or the thawing stage, where pain is minimal and 
gradual motion is regained over the course of 
5–26 months. It is important to note that no patho-
logical signs are seen on x-rays at any stages.

 Natural History

The natural history of the adhesive capsulitis 
remains controversial. Some authors have reported 
that the majority of patients will have complete 
recovery [123], and others have reported that 
patients will have prolonged pain and stiffness 
[113, 124]. These variable results may be due to 
different methods of outcome measure. External 
rotation is limited at the latest follow up that may 
not limit daily life activities [111].

 Clinical Evaluation

Key Points
• Insidious onset of night pain is characteristic.
• External rotation is limited initially.

The history and physical examination are very 
important for differential diagnosis. Patients with 
adhesive capsulitis frequently do not seek medi-
cal advise for weeks to months due to insidious 
onset of symptoms. Patients may describe a 
vague pain at the deltoid insertion. Night pain 
and painful restricted elevation and external rota-
tion are common. As the disease progresses, pain 
and restriction become more apparent.

Evaluation of passive range of motion is essen-
tial. Forward flexion, abduction, and internal and 
external rotation should be evaluated in a supine 
position. True mechanical restriction with passive 
motion that occurs with capsular contraction is char-
acterized by a firm, reproducible endpoint and must 
be differentiated from resistance due to pain [111].

 Imaging

Radiographs are usually used to exclude other 
shoulder pathologies like calcific tendonitis, 
osteoarthritis of the glenohumeral and acromio-
clavicular joint. Osteopenia of the proximal 
humerus can be seen on radiographs [125]. While 
the axillary fold is contracted in frozen shoulder, 
arthrography of the shoulder can reveal reduced 
joint volume.

Table 16.3 Histologic Classification described by Hannafin

Symptoms Arthroscopic appearance Biopsy

Stage 1 Gradual onset of night pain Fibrinous synovitis, no adhesions Hypervascular, hypertrophic 
synovitis

Normal capsular tissue

Stage 2 Severe night pain, stiffness Fibrous adhesions Hypertrophic, hypervascular 
synovitis, perivascular, 
subsynovial capsular scar

Some loss of axillary fold

Stage 3 Increasing stiffness, pain at 
the end of motion

Complete loss of axillary fold Hypercellular, collagenous 
tissue with a thin synovial layerSynovitis resolving

Stage 4 Severe stiffness, minimal pain Severe contraction and adhesions
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Magnetic resonance imaging (MRI) and MR 
arthrography are reliable imaging indicators for 
adhesive capsulitis. Thickening of the coracohu-
meral ligament, axillary recess and joint capsule 
in the rotator interval are common findings on 
MRI [126, 127].

 Treatment

Key Points
• Majority of patients can benefit from conser-

vative treatments.
• Studies have shown successful result of 

manipulation under anesthesia and 
arthroscopic release in refractory cases.

Initial treatment options for adhesive capsuli-
tis include NSAIDs, intra-articular steroid injec-
tions and physical therapy. The majority of 
patients will benefit from conservative treatment, 
but some patients may have prolonged pain and 
restriction. Patients should have a minimum of 
6 months of supervised conservative treatment 
before any other invasive treatments are consid-
ered [111]. Surgical treatment should be reserved 
for recalcitrant cases.

Literature on NSAIDs for the treatment of adhe-
sive capsulitis is limited. They are often prescribed 
in early stages to provide short-term pain relief. 
There is no data showing superiority of NSAIDs 
over placebos for adhesive capsulitis. Oral cortico-
steroids can improve night pain and range of motion 
in the short-term [128]. It has been shown that cor-
ticosteroid injections into the glenohumeral and 
subacromial space have had similar outcomes to 
physiotherapy and manipulation [129, 130].

Physical therapy is the most commonly used 
treatment option to improve range of motion in 
advanced stages of the disease. Although there is 
limited data supporting the use of physical ther-
apy, many studies reports its benefits, and its use 
in the treatment of adhesive capsulitis is almost 
universal [111, 131]. Gentle stretching and active 
motion appear to be the most appropriate treat-
ment in many cases.

Hydrodilation combined with a therapy pro-
gram was shown to be a successful treatment 
for idiopathic frozen shoulder [132]. It involves 
increasing intracapsular pressure and expand-
ing capsular volume through injection of fluid 
until capsular rupture [114]. Suprascapular 
nerve blockade has also been proposed to be an 
effective treatment [133]. However, more stud-
ies are required to assess the effectiveness of 
these techniques in the treatment of adhesive 
capsulitis.

Manipulation under general anesthesia 
should be considered if pain and stiffness per-
sists for more than 6 months. The shoulder 
should be gently stretched in all planes. Due to 
high risk of fracture, manipulation should not be 
attempted in posttraumatic and postsurgical 
cases. Iatrogenic humerus fractures, glenohu-
meral dislocation, rotator cuff tears and hemor-
rhagic effusions are possible complications of 
forceful manipulation.

Many studies have shown that arthroscopic 
release is a safe and effective treatment for recal-
citrant adhesive capsulitis [134, 135]. The advan-
tages of performing arthroscopy before capsular 
release are diagnosing and staging the disease 
and recognizing secondary causes of symptoms 
[114]. The joint is visualized with a standard pos-
terior portal. Capsular adhesions on the rotator 
interval should be released initially. It is  suggested 
to release anterior, posterior, and inferior por-
tions of the capsule [136]. Care must be taken not 
to damage the axillary nerve during inferior cap-
sular release.

The indications for an open surgery are very 
limited and it is rarely performed. Open surgery 
may have morbidities like postsurgical stiffness 
and prolonged recovery.

 Future Outlook

The treatment of adhesive capsulitis still remains 
controversial despite many studies. Further pro-
spective, comparative studies are needed to deter-
mine best treatment strategies for patients.
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Questions
 1. What is the gold standart diagnostic method 

for the pathologies of long head of biceps 
tendon?
 A. Speed + uppercut test.
 B. CT.
 C. MRI.
 D. Arthroscopy.
 E. Ultrasound.

D

 2. Which one of the following is false about cal-
cific tendinitis of shoulder?
 A. The most frequently involved tendon is 

the infraspinatus tendon.
 B. Sedantary lifestyle is associated with 

higher rates of calcific tendinitis.
 C. Calcium deposits seen on radiograph can 

be asymptomatic in 20% of patients.
 D. Physical therapy with NSAİD is the main-

stay of treatment.
 E. Arthroscopy is the preferred treatment if 

conservative treatment is unsuccessful.

A

 3. A 50 year old female patient with an insidious 
onset of right shoulder pain for 5 week admit-
ted to your clinic. You examine that she has a 
restricted passive external rotation of 20° and 
abduction of 90°. She describes that the pain 
usually reaches to top at nights. She has not 
got ext/int rotation lag sign and lift off test is 
normal. She complaints about not able to 
reach shelfs higher than head level. 
Glenohumeral joint space seems normal on 
her x-ray. What would be your pre-diagnosis?

 A. Rotator cuff rupture.
 B. Adhesive capsulitis.
 C. Impingement syndrome.
 D. Glenohumeral arthritis.
 E. Calcific tendinosis.

B

What is new?
Adhesive capsulitis is associated with inflammatory 
processes such as metabolic syndrome and even 

cardiovascular events. New researches investigated 
how cytokines are changed in affected shoulder. 
May it open a new era for targeted therapy?

Intercellular adhesion molecule-1 (ICAM- 
1, CD54) is increased in adhesive capsulitis. J 
Bone Joint Surg Am. 2013 Feb, Kim YS et al.

Adhesive capsulitis: An age related symp-
tom of metabolic syndrome and chronic low- 
grade inflammation, Medical Hypotheses, 
March 2016, Pietrzak M et al.
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Splints and Orthoses

Nilgün Bek

 Introduction

Shoulder injuries are commonly seen in athletes, 
particularly in overhead athletes (baseball, hand-
ball, volleyball, swimming, track and field throw-
ing events, and tennis), and considered important 
because it leads to disability. A considerable 
amount of these injuries are considered as the 
overuse injuries of muscles, tendons, and joints. 
These overuse injuries may stem from incorrect 
postures, inappropriate overloading, and over-
head throws and striking activities [1].

In addition, traumatic injuries caused by car or 
motorcycle accidents, falling, over stretching, 
and crushing are common in shoulder joint and in 
periarticular tissues. Shoulder braces are mainly 
used for athletes with shoulder injuries as an 
adjunct to rehabilitation programs. Clinically, 
athletic trainers might use bracing or taping in 
corrective exercise programs as a complementary 
therapy or to restore normal length-tension rela-
tion in muscle during the exercise program as a 
main therapy itself. Therefore, a better under-

standing of the effects of these braces requires 
further clinical experiment on different types of 
subjects (healthy subjects, athletes) and with dif-
ferent designs (pre-operative, post-operative, 
acute and chronic conditions).

 The Purposes of the Shoulder 
Braces

• Pain relief
• Prevention of the deformity and the risk of 

secondary injuries
• Improvement of the normal alignment
• Maintenance of the normal range of motion of 

the shoulder
• Facilitation of the normal movement and 

function
• Immobilization and resting
• Supporting
• Correction of the deformities
• Acceleration of the fracture healing
• Stretching for the contractures
• Providing the glenohumeral joint stability
• Preparation for the surgery
• Providing development in the functional 

activities
• Maintenance of the normal scapulohumeral 

kinematics
• Weight-lifting of the arm weight when needed
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 Features of the Braces

Materials of the shoulder braces should be rather 
esthetic in terms of color, look, fitting, and other 
specific features. The thermoplastic materials are 
often preferred for the fabrication of these braces. 
Thermoplastics should be perforated to prevent 
sweating. Contact surfaces of the braces should be 
well adjusted. Functional and necessary move-
ments should not be prevented, and the body 
structure, which needs support, should be cov-
ered. For example, brace should cover the acro-
mion to prevent the shoulder abduction movement, 
and should not cover olecranon in order to main-
tain the elbow extension movement. Furthermore, 
no parts of the brace should press on the axillary 
region to avoid neuraproxia of the axillary nerve. 
Also, trunk parts of the brace should not restrict 
thoracic expansion movement. If brace is enclos-
ing some joints, generally it should have a 
mechanical articulation- at this stage, this 
mechanical joint movement should simulate the 
real joint movement. These mechanical joint axes 
should also adopt the identical plan of the real 
anatomic joint axes. All shoulder braces should 
have some suspension tools, such as elastic straps 
or harnesses, as it is very difficult to hold these 
braces on the shoulder and the arm because of the 
gravitational force. Finally, appropriate brace fit-
ting should be chosen for an effective treatment, 
particularly with off-the-shelf braces.

 Brace Approaches in Common 
Shoulder Problems

 Fractures of the Clavicle

The clavicle has an important function, which is 
negatively affected by complications and frac-
tures. It serves as a strut between the shoulder 
(and arms) and the thoracic cage. It allows the full 
range of arm motion and stabilizes the pectoral 
girdle. In addition, it serves as a firm structure for 
muscle origins and insertions [2, 3]. It also sup-
ports respiratory function, protects neurovascular 
structures, and is essential in the appearance of 
the individual. Clavicle fractures are especially 

seen amongst adolescents and, in this age group, 
it makes up of 4% of all bone fractures. The most 
common causes of clavicle fractures are falling 
over abducted arm or blunt shoulder trauma. 
Bruising and deformity are clear visual clues of a 
clavicle fracture, which makes diagnosis clear [3, 
4]. The structure of the clavicle consists of medial 
and lateral flat expansions, linked by a thin, tubu-
lar middle part. While muscular attachments and 
ligaments support the medial and lateral seg-
ments, the middle segment is unfixed, so it is sus-
ceptible to fractures. More than 80% of the 
clavicle fractures occur in this section. Clavicle 
fractures are classified into three groups: middle 
third fractures, lateral third fractures, and medial 
third fractures [5]. In a comprehensive epidemio-
logical study, 76% of all fractures were reported 
to be middle third fractures, and they were found 
to occur in participants with a median age of 
13 years. Just over half (53%) of middle third 
fractures were reported non-displaced [6]. They 
are frequently subjected to conservative treatment 
methods that do not involve any kind of surgery 
[7]. The most common therapy methods are use of 
arm slings, strapping, figure-of-eight taping, and 
splints (Fig. 17.1). Lenza et al. published a review 
in which they investigated different conservative 
interventions for treating middle third clavicle 
fractures in adolescents and adults and compared 
randomized controlled trial results including con-
servative treatment methods [8]. For clavicle frac-
tures, they recommended further research 

Fig. 17.1 Figure-of-eight brace
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comparing contemporary and conservative ther-
apy methods, such as arm sling and figure-of- 
eight brace.

 Humeral Shaft Fractures

Fractures of the humeral shaft account for roughly 
3% of all fractures. Most of humeral fractures can 
be treated non-operatively [7, 9] with a higher 
union rate of 90% [10–12]. Surgery is elected gen-
erally for fractures with a vascular component and 
nerve injury, in patients with multiple  fractures, 
bilateral humeral shaft fractures,  pathological frac-
tures, comminuted segmental fractures, and open 
fractures. Functional bracing has essentially been 
replaced by all other conservative treatment meth-
ods and has become the “gold standard” for non-
operative treatment with its easy applicability and 
adjustability characteristics, its ability to allow 
shoulder and elbow motion, and because it is rela-
tively low cost and has reproducible results [9] 
(Fig. 17.2). The humeral functional brace works on 
the principles of the hydraulic effect of the brace 
(by compressing the soft tissues circumferentially 
to produce fracture alignment), active contraction 
effect of the muscles, and beneficial effect of the 
gravity. Furthermore it has been shown to be very 
effective for treating closed humeral shaft fractures 

[10–13]. The brace should be worn at all times and 
patients should be instructed to perform pendulum 
exercises immediately after the application of the 
initial cast or splint. Exercises should be main-
tained after the application of the brace [14]. After 
seeing clinical and radiographic signs of good cal-
lus formation and healing, the brace is removed. 
The criterion for clinical healing is having no pain 
and not having abnormal movement at the fracture 
site. The criterion for radiographic healing is the 
present formation of sufficient external bridging 
callus on both anteroposterior and lateral radio-
grams (bridging callus in at least three quadrants). 
Indications and contraindications were described 
by Sarmiento in 1999 as shown in Table 17.1 [15].

Functional humeral bracing is one of the rare 
methods accepted for treatment. However, treatment 
with braces causes some residual deformity and 
complications, such as varus angulation in humerus 
(which is marked more frequently in patients with 
short and obese arms), impairment in shoulder 
movement to a certain degree, decrease in the qual-
ity of life, and uncommon skin ulceration [16].

In the literature, there is a case study, which used 
an upper arm brace for periprosthetic humeral 
fractures. Due to the increasing number of 
implanted shoulder prostheses following trauma or 
arthritis in the recent past, an increase in the occur-
rence of periprosthetic humeral fractures is expected 
in the future. The current literature clearly recom-
mends operative treatment with fixed angle plate 
osteosynthesis or a long- stemmed cement-free revi-
sion endoprosthesis. For example, a 70-year-old Fig. 17.2 Functional humeral brace

Table 17.1 Functional bracing of humeral shaft frac-
tures (with permission from Ref. 15)

Indications
Closed diaphyseal fractures without marked 
distraction between the fragments

Closed fractures associated with initial radial nerve 
palsy similar to those described in the previous 
category

Open fractures without significant soft-tissue 
damage
Relative contraindications

Bilateral humeral fractures

Fractures in polytraumatized patients unless they are 
able to stand erect early and ambulate with external 
support on the opposite side
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woman was diagnosed with a periprosthetic 
humeral fracture with an enclosed fracture endo-
prosthesis (Wright type B) in a study. The idea of 
the operative treatment with fixed angle plate osteo-
synthesis and the conservative therapy with a brace 
as an alternative to the operation were discussed 
with the patient. The patient decided on the conser-
vative therapy with regular radiological course con-
trol. According to the results of this case report, we 
can say that conservative therapy of periprosthetic 
type B2 humeral fractures (according to Worland) 
using retention in an upper arm brace might lead to 
excellent radiological and functional results [17].

 Shoulder Dislocations

Shoulder dislocations are common painful trau-
mas. “Ball-and-socket” relationship is very loose 
in the glenohumeral joint; therefore, among all 
the joints in the body, it is the most commonly 
dislocated big joint [18]. The aim of the treatment 
of primary anterior traumatic dislocation of the 
shoulder is to prevent subsequent recurrent dislo-
cation [19]. Following the initial joint reduction, 
the arm is immobilized in abduction and internal 
rotation position, which is the primary therapy in 
shoulder injuries [18]. However, it has been con-
sidered that this treatment method has no positive 
effect on its recurrence. But it is widely used. In 
recent years, researchers have started to investi-
gate the effects of different shoulder positions. In 
particular, bracing in external rotation is often 
investigated. However, there is no consensus yet. 
Finestone et al. used the external rotation brace 
(ER) in 27 patients and an internal rotation brace 
(IR) in 24 patients in their study. They reported 
that new dislocations occurred at a mean interval 
of 12.4 months in the IR group, but found no sig-
nificant difference in the rate of recurrence 
between those immobilized in external rotation or 
internal rotation [19]. In Figs. 17.3 and 17.4, both 
braces that were used in this study are shown [19].

Whelan et al. also investigated the effects of 
external rotation immobilization for primary 
shoulder dislocation. Their results showed no dif-
ference in the rate of recurrent instability between 
groups: 10 of 27 patients (37%) with the external 
rotation brace vs. 10 of 25 patients (40%) with 

the sling redislocated or developed symptomatic 
recurrent instability (p = 0.41) [18].

According to the results of both studies, com-
pliance of the external rotation brace was lower 
than traditional method because all patients were 
young and active men [18, 19].

Shoulder external rotation braces used for 
patients with a first-time shoulder dislocation are 
designed with a variety of arm positions in abduc-

Fig. 17.3 The brace position on a primary traumatic 
anterior dislocation of the shoulder (in internal rotation) 
[19]

Fig. 17.4 The brace position in external rotation [19]
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tion as well as external rotation. However, few 
studies have focused on their immobilizing perfor-
mance, comfort, or user-friendliness. Especially, 
there have been no robust data of shoulder abduc-
tion-external rotation (A-ER) braces in comparison 
to those of external rotation (ER) braces. The 
effects of different angular positions were investi-
gated in shoulder external rotation braces in a 
study. Hata et al. tested four types of commercially 
available shoulder braces (two ER and two A-ER 
braces) in 30 healthy participants. The subjects 
were evaluated to assess the discomfort of bracing 
and difficulty of reapplication. In their study, results 
were compared between the two ER braces and the 
two A-ER braces as well as among the four braces. 

They reported that for both external rotation angle 
and subjective assessment, there were no signifi-
cant differences between the ER and A-ER braces. 
Among the four braces, the measurement of arm 
position demonstrated no significant differences, 
except for the external rotation angles between the 
two ER braces. The A-ER braces were assessed to 
be significantly less comfortable than the ER braces 
in the subjective assessment. As a conclusion, 
immobilization using the A-ER braces could main-
tain the arm position in abduction- external rotation 
with comparable user-friendliness, although they 
tended to be less comfortable during daily activities 
compared to the ER braces [20]. In Fig. 17.5, four 
different braces used in this study are shown [20].

a b

c d

Fig. 17.5 (a) and (b) are the ER braces, and (c) and (d) are the A-ER braces [20].
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The most up-to-date study in this area is a sys-
tematic review, which reports the following out-
comes [21]:

• External rotation results in the anatomic 
reduction of the labrum in only 35% of cases.

• The failure to reduce the labrum may be a con-
traindication to ER bracing and further studies 
are proposed to determine whether acute MRI 
could be used to help identify patients in 
whom ER achieves labral reduction in a com-
fortable position.

• This approach also has the advantage of avoid-
ing the significant inconvenience of ER brac-
ing in those the labrum does not reduce and 
therefore theoretically less likely to benefit.

• It is a novel strategy with significant resource 
implications and therefore warrants further 
study.

Motion loss or the delay in motion recovery 
following arthroscopic shoulder stabilization is 
clinical problems leading to patient dissatisfac-
tion to a certain degree; however, there exist no 
agreement upon which position is optimal for 
immobilization after surgery. It is unknown 
whether the position for shoulder immobilization 
has an effect on motion and functional recovery. 
In a study investigating the effect of external 
 rotation bracing on motion and function, it was 
shown that ER bracing performed following 
arthroscopic shoulder stabilization has a relation-
ship with a predictable ROM recovery and 
improvement in functional score [22].

External rotation shoulder braces have often 
been used in many shoulder problems, such as 
shoulder dislocations and Bancart lesions. 
Unfortunately, these are off-the-shelf braces with 
high costs. For example, the study mentioned 
above was published by Hatta et al., and used the 
following four braces: (1): the UltraSling ER with 
a 15° wedge (DonJoy, Vista, CA, USA); (2): the 
Shoulder Brace ER (Alcare, Tokyo, Japan); (3): the 
Össur SmartSling with axilla pillow (Össur, 
Reykjavik, Iceland); and (4): the Omo Immobil 
with shoulder positioning at 30° abduction and 30° 
external rotation (Otto Bock, Duderstadt, Germany) 
[20]. These are all well known expensive brands.

In recent years, a group of researchers in the 
Detroit Medical Center has been working on a 
low-cost alternative of external rotation shoulder 
brace for the treatment of acute shoulder disloca-
tions. The low cost external rotation shoulder 
brace is therefore a more affordable option for 
the uninsured patient presenting with acute 
shoulder dislocation [23]. In Turkey, these braces 
should be fabricated in the same methods in order 
to augment the accessibility of the product for an 
appropriate treatment.

In the classical Bankart Lesion, there is 
avulsion of the antero-inferior labrum from the 
underlying glenoid fossa, and displacement and 
disruption of the periosteum of the scapula. In 
1906, Perthes first described a lesion of the 
labrum in which there was an incomplete avul-
sion of its antero-inferior aspect with medial 
stripping of the periosteum, which remained 
intact. This lesion is now considered to be a vari-
ant of the Bankart lesion [19]. Seybold et al. 
used MRI to determine the effectiveness differ-
ences between classical Bankart lesions and 
Perthes lesions in terms of positioning (external 
rotation) with regard to the reduction in the 
labrum [24]. They found that external rotation 
was more effective in Perthes lesions, and it has 
the greatest effect when there was little or no 
deformation of the anterior labroligamentous 
structures. They also found that the incidence of 
Perthes and classical Bancart lesions was equal 
in their patients with primary traumatic disloca-
tions [19].

Especially for the people who are involved in 
sports containing overhead movements, disloca-
tions in the anterior glenohumeral joints may be 
troublesome. Braces that are used in glenohu-
meral joint stability are meant to protect the 
shoulder against repeating dislocation via setting 
a limitation for glenohumeral abduction and 
external rotation. Weise et al. investigated the 
effects of shoulder stability braces for limiting 
active and passive shoulder abduction and exter-
nal rotation in football players. They compared 
the Denison and Duke Wyre harness with the 
Sawa shoulder brace. The Sawa shoulder brace 
was found to be most effective for the purpose of 
limiting abduction and external rotation during 
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active and passive physiologic loading of the gle-
nohumeral joint [25].

 Rotator Cuff Problems

Shoulder abduction slings are frequently used for 
immobilization following rotator cuff surgeries. 
Shoulder abduction slings lower the pain by 
immobilization and boost the recovery. Abduction 
slings are made of cotton and/or other soft fabrics 
and they consist of an arm sling as well as shoul-
der and body straps. The weight of the arm is 
entirely on the shoulder strap, which also causes 
a substantial amount of pressure to the cervical 
region. The carotid sinus is a dilated area the base 
of the internal carotid just superior to the bifurca-
tion of the common carotid which is located on 
either side of the neck at about the level of the 
superior border of thyroid cartilage. The afore-
mentioned zone on which the shoulder strap 
applies pressure is where the carotid sinus is 
located (Fig. 17.6, [26]). The braces which are 
used in this study are shown in Fig. 17.6 [26].

Canbora et al. investigated the cardiovascular 
effects of the abduction shoulder sling in elderly 
patients who underwent rotator cuff surgery. 
They reported that abduction shoulder sling may 
trigger carotid hypersensitivity syndrome in 
short-necked and obese patients by exerting 
mechanical stimulation to the carotid sinus. 
Carotid hypersensitivity syndrome should be 
kept in mind in patients who present dizziness, 
presyncope, and palpitation during the postoper-
ative period [26].

After many shoulder surgeries, such as rotator 
cuff repair, the shoulder is generally immobilized 
with braces as mentioned previously. Using the 
brace has always the potential of disuse muscle 
atrophy. Alenabi et al. reported that horizontal 
support of elbow and wrist flexion and extension 
activates the rotator cuff muscles minimally and 
thereby prevent other disorders that may occur in 
other muscular structures [27]. In addition, 
Alenabi et al. added in another study that possi-
bly the rotator cuff muscles are minimally acti-
vated by elbow, wrist, and finger movements with 
the immobilization of the shoulder by a brace. 

Therefore we could recommend elbow, wrist, and 
finger movements in order to minimize disuse 
atrophy in shoulder girdle muscles after shoulder 
immobilization with brace [28].

Lee et al. defines round-shoulder posture as 
protraction, downward rotation, and anterior 
inclination of scapula position along with 
increased cervical lordosis and upper thoracic 
kyphosis. They recommended stretching exer-
cises for the pectoralis major as well as a shoul-
der brace to cope with problems coming up with 
round-shoulder posture, such as altered scapular 
kinematics and muscle imbalance. Also, they 
emphasized posterior tilting exercise after pecto-
ral is major stretching for eliciting greater lower 
trapezius muscle activation [29].

Fig. 17.6 The strap of the brace was applied pressure on 
carotid sinus. Reprinted with permission from Canbora, 
K., Kose, O., Gurkan, U. et al. Arch Orthop Trauma Surg 
(2013) 133: 1557. doi:10.1007/s00402-013-1840-4
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Questions
Indications for functional bracing of humeral 
shaft fractures

 A. Closed diaphyseal fractures without 
marked distraction between the fragments

 B. Closed fractures associated with initial 
radial nerve palsy similar to those 
described in the previous category

 C. Closed bilateral fractures
 D. Open fractures without significant soft- 

tissue damage
The effectiveness of external rotation in classi-
cal Bankart lesions and Perthes lesions with 
regard to the reduction in the labrum is believed 
to be:

 A. External rotation is more effective in 
Bankart lesions

 B. External rotation was more effective in 
Perthes lesions

 C. External rotation is similarly effective
 D. External rotation should be used in Perthes 

lesions while internal rotation should be 
used in Bankart lesions

For shoulder dislocations external rotation brac-
ing results in anatomic reduction of the labrum

 A. In 5% of cases
 B. In 35% of cases
 C. In 55% of cases
 D. In 95% of cases
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Shoulder Rehabilitation

Irem Duzgun, Leyla Sumeyye Eraslan, 
Taha Ibrahim Yildiz, and Serdar Demirci

Due to the fact that the shoulder joint has roles of 
both stability and mobility, while planning reha-
bilitation programme these two characteristics 
must be considered. In different shoulder pathol-
ogies primary effected parts could be stabiliza-
tion or mobilization, however, it should be borne 
in mind that these are interlinked. Planned and 
followed physiotherapy approaches should 
include these two components.

Conservative or surgical treatment approaches 
can be preferred depending on the shoulder 
pathology. Although the preferred treatment is 
conservative in frozen shoulder, impingement 
syndrome, and Grade I rotator cuff tears; in insta-
bilities surgical treatments are more preferred. 
However, physiotherapy applied both in conser-
vative and surgical treatments bears utmost 
importance. Through correct physiotherapy 
approaches, recurrence of the issue can be pre-
vented by alleviation of the symptoms of patients, 
increasing functionality and placement of correct 
biomechanics. For this reason, nature of the 
pathology and underlying causes should be ana-
lyzed well and physiotherapy and rehabilitation 
programme to be followed should be determined 
accordingly. In order to be able to do this, it is 

necessary for the physiotherapist to evaluate the 
patient very well. The assessments to be con-
ducted in clinic in short;

Pain: This is generally the most frequently 
observed symptom in shoulder pathologies. It is 
recommended to assess the pain especially during 
resting, in activity and at night. The circumstances 
which patient is suffering from pain, provides us 
with the information about the pathology and thus 
physiotherapy approach we need to follow. If the 
patient suffers from pain at night time, this is an 
indicator of inflammation and the application to 
be conducted should avoid effects that would 
increase inflammation. Pain in resting can also be 
considered in the same manner. However, if the 
patient suffers from pain only during an activity, 
this is considered as more of a mechanical cause 
and normal movement biomechanics are affected. 
For successful rehabilitation, source of the abnor-
mal movement should be revealed.

Range of motion: This is an important symp-
tom in the differential diagnosis of the pathol-
ogy. In assessing joint movement, pain-free 
active joint movement, active joint movement, 
and passive joint movement should definitely be 
evaluated. In impingement syndrome, while 
there is a decrease observed in joint movement 
due to pain, there is no limitation in passive joint 
movement. However, in frozen shoulder, limita-
tion in passive joint motion is among the most 
significant determinants. In cases when frozen 
shoulder is developed secondary to impingement 
syndrome, rotator cuff tear or humerus fracture, 
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rehabilitation should primarily be planned bear-
ing in mind frozen shoulder. However, in terms 
of the evaluation of functionality, active total 
elevation and active internal rotation assessment 
should not be overlooked.

Muscle strength: In painful conditions, assess-
ment of the shoulder muscle strength would not 
produce reliable information. In muscle strength 
test, the presence of pain in patient would cause 
determination of muscle strength lower than its 
normal value. Evaluation of muscle strength fol-
lowing a decrease in pain is of importance in terms 
of revealing strength imbalance and planning 
exercise programmes suitable for the conditions.

Assessment of scapular movement: 
Assessment of scapular movement is important 
for establishing exercises to be prescribed. In 
clinic, scapular movement can be assessed by 
visually and by Lateral Scapular Slide (Kibler) 
test [1]. In laboratory environment, 3D analysis 
systems allow for an objective measurement in the 
assessment of scapular movement. However, due 
to the fact that such systems are costly and the 
assessment takes quite a long time, they are uti-
lized more in scientific studies. Despite that the 
lateral scapular slide test can easily be conducted 
in clinic, varying results have been reported so far 
on it’s reliability [1, 2]. It may especially be pre-
ferred in unilateral scapular dyskinesia to have an 
idea. Test is conducted in three different positions. 
In the first position, distance between the inferior 
angle of scapula and columna vertebralis is mea-
sured by a measuring tape when the patient is in 
standing position and arms are on the side of body. 
The distance between the inferior angle of scapula 
and columna vertebralis is also assessed and com-
pared with the healthy side for second position the 
arms are on hips and for the third position the arm 
is at 90° abduction and internal rotation.

Palpation: This is important for evaluating 
the sensitivity of soft tissues. Especially assess-
ing the tenderness of rotator cuff muscles, long 
head of biceps brachii, pectoralis minor and pos-
terior capsule with palpation is important for 
manual therapy methods to be used.

Functional activity level: How much of activi-
ties of daily living (ADLs) can patients perform is 
actually among the most important indicators as to 
the success of the therapy. For this, various surveys 

are being used. Among the most commonly used of 
these are DASH-T [3], ASES patient survey [4], 
Constant- Murley score [5], SPADI [6] Penn 
Shoulder Score [7] etc.

In the light of these assessments, appropriate 
physiotherapy programme is planned.

One of the primary targets of the treatment is 
to reduce pain. To this end, various physiotherapy 
applications may be adopted. Hot/cold pack 
applications, electrotherapy modalities, and man-
ual therapy are frequently preferred. If the patient 
suffers from pain especially at night, application 
of cold should be preferred in order to reduce the 
inflammation. Other than this, cold should be 
preferred on patients in third stage of frozen 
shoulder because of the applications would cause 
loading on the joint, even if they don’t suffer pain 
at night. In previous studies, effects of hot appli-
cations in the treatment of frozen shoulder were 
manifested [8]. However, in cases which inflam-
mation indication is present, cold applications are 
recommended [9]. If the shoulder pain of your 
patient develops secondary to strain in interscap-
ular muscles, hot applications on this region 
would be beneficial.

In pain control, TENS application is among 
the effective electrotherapy methods. While the 
previous studies showed that the application of 
ultrasound in patients with impingement syn-
drome is not effective, laser applications were 
manifested to have an effect in the short term [10].

Of the manual therapy approaches, deep fric-
tion massage is believed to be effective in reliev-
ing the pain secondarily by decreasing the 
perception of pain and secondary to relieving the 
soft tissue tension [11].

Increasing the joint movement is the second 
target of physiotherapy programmes. However, 
source of movement limitation must be analyzed 
very well. Since, in impingement syndrome, 
there would be a limitation in movement due to 
pain, relieving pain would provide an increase in 
joint movement automatically. In such patients, 
instead of burdening with exercises to increase 
joint movement, relieving the pain and assisting 
with regulating biomechanics would be much 
more reasonable. However, stretching exercises 
and mobilization techniques would be beneficial 
in cases of which limitation exists in passive joint 
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movement caused by not only pain but also on 
thickening and shortening of joint capsule, such 
as frozen shoulder.

Among the most effective physiotherapy 
applications in increasing joint movement are 
exercise and mobilization techniques [12–14]. It 
would be beneficial to start physiotherapy and 
rehabilitation applications with scapular mobili-
zation techniques, manual posterior capsule and 
pectoralis minor stretching. It is also believed 
that relieving tension of the surrounding soft tis-
sue with soft tissues mobilization techniques 
would be effective in increasing range of motion.

Our next target after suppressing the pain and 
increasing range of motion, should be correcting 
the muscular imbalance. It would be beneficial to 
begin strengthening exercises on surrounding 
muscles of scapula. It should be borne in mind 
that scapula is the foundation of upper extremity 
movements. Planning the rehabilitation on a non- 
robust foundation would lower the chance of 
success.

Among the important points of the exercise 
programme to be recommended is to correct the 
muscle imbalance between upper trapezius and 
its middle and lower parts [15, 16]. Generally, 
patients with affected shoulders try to compensate 
the movement with the over- activation of the 
upper trapezius especially in elevation during arm 
movements. This movement must absolutely be 
blocked in rehabilitation. Exercises should be ori-
ented towards increasing middle and lower trape-
zius trapezius without activating the upper part. 
Especially the middle trapezius, serratus anterior 
and rhomboid muscles bear importance in 
enabling external and upward rotation of scapula 
along with it’s medial stabilization. The lower tra-
pezius has a duty in enabling the posterior tilt of 
scapula along with inferior stabilization. 
Strengthening of these muscles is important in 
providing correct biomechanics. Scapular retrac-
tion exercises conducted without activating the 
upper trapezius could be used to this end 
(Fig. 18.1a, b).

a b

Fig. 18.1 (a) Scapular retraction with elbows in extension; (b) scapular retraction with elbows in flexion
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It is important to provide pain-free active joint 
motion for strengthening of the muscles 
 surrounding glenohumeral joint. It should be 
ensured not to cause an increase in pain especially 
during resistance exercises prescribed for the 
strengthening of deltoid and rotator cuff muscles. 
For strengthening, exercises with weights or ther-
aband exercises can be preferred (Fig. 18.2a, b).

Studies showed that proprioception is affected 
following injury [17–19]. Retraining of proprio-
ception is quite important in rehabilitation. 
Especially it is a must in rehabilitation of patients 
with instability. Actually, it is known that all the 
movements causes a proprioceptive input. 
However, if we are aiming to retraining of pro-
prioception, it is accepted the need of a sensory 
bombardment of contractile and non- contractile 
tissues (Fig. 18.3a–c).

 Physiotherapy and Rehabilitation 
in Various Shoulder Pathologies

 Conservative Physiotherapy 
and Rehabilitation

 Scapular Dyskinesia
In order to be successful in the treatment of scap-
ular dyskinesia, anatomic characteristics must be 
optimal. Before planning the rehabilitation, a 
good assessment is an absolute necessity and the 
treatment must be planned according to the 
underlying cause.

While, in the development of scapular dyski-
nesia, a loss of flexibility occurs in certain tis-
sues, some experience a decrease in strength. 
Fundamentally, eliminating these two issues 
would increase the success of rehabilitation.

a b

Fig. 18.2 (a) Shoulder abduction with theraband; (b) elevation in scapular plane with theraband
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a b

c

Fig. 18.3 (a–c) Proprioceptive exercises

Advancing from proximal to distal is recom-
mended in scapular dyskinesia rehabilitation 
[20]. Primary aim of rehabilitation is to ensure 
an optimal scapular position, and that is poste-
rior tilt, external rotation, and upward rotation 
during elevation. Ensuring body stabilization 
would assist in enabling proximal control in the 
three dimensional control of scapular move-
ments. Especially the major muscles of body and 
lower extremity should be integrated into the 
rehabilitation [21]. While hip and body flexion 
help in facilitating scapular protraction, body 
rotation and hip and body extension help in facil-
itating scapular retraction [20]. Deficits in 
strength or flexibility of such proximal segments 
as body, pelvis, and hip must absolutely be con-
sidered [20].

Serratus anterior is the most important muscle 
in external rotation of scapula. Lower trapezius 
muscle plays a role in enabling the stabilization 
of scapula. Scapular stabilization protocols 
should focus on re-training of these muscles. 

Progress should be made from short “arc” kinetic 
chain exercises towards long “arc” exercises.

In order to strengthen rotator cuff muscles, 
scapula should be stabilized, which is in retraction 
position. After accomplishing scapular control in 
shoulder rehabilitation, the next aim should be 
rotator cuff. For this closed kinetic chain and co-
contractions of shoulder muscles may be used [21].

Reducing the Loss of Flexibility
It would be beneficial to begin physiotherapy and 
rehabilitation applications with scapular mobili-
zation techniques, manual posterior capsule and 
pectoralis minor stretchings. Also, it is believed 
that relieving the tension of the surrounding soft 
tissues with soft tissue mobilization techniques is 
effective in increasing the range of joint motion.

Loss of flexibility in soft tissues around scap-
ula is correlated with abnormal scapular position. 
Especially increasing the flexibility of pectoralis 
minor, posterior capsule, and levator scapula is an 
important parameter of scapular rehabilitation.
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Manual posterior capsule stretching is among 
important applications in shoulder rehabilitation. In 
cases which posterior capsule is stretched, scapula 
and humerus move as an unit. Trying to increase 
glenohumeral joint movement without restoring 
posterior capsule flexibility would cause reposition-
ing of the scapula to abnormal lateral position, thus 
surrounding tissues would be loaded with an unnec-
essary stress. Posterior capsule stretching can be 
prescribed as home exercises of “sleeper stretch” 
(Fig. 18.4) and as cross body exercises (Fig. 18.5) 
or it can be applied as manual stretching (Fig. 18.6).

Soft tissue mobilization techniques and stretch-
ing exercises can be used in releasing pectoralis 
minor muscle. Various exercises have been 

defined that are effective in increasing the length 
of pectoralis minor [22, 23].

Unilateral corner stretch (shoulder in 90° 
abduction and external rotation in passive hori-
zontal abduction) was shown to be more effective 
than manual stretch while sitting, and manual 
stretch while lying on back [24]. However, these 
positions are painful especially at the early stages 
of shoulder problems. Before prescribing stretch-
ing exercises, manual stretching of pectoralis 
minor is effective (Figs. 18.7 and 18.8).

It is believed that stretching levator scapula 
manually and with exercise is effective in both 
regulating scapular mechanics and in relieving 
neck pain (Fig. 18.9).

Fig. 18.4 “Sleeper stretch”

Fig. 18.5 Cross body stretching

Fig. 18.6 Manual posterior capsule stretching

Fig. 18.7 Unilateral corner stretch
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Reducing Loss of Strength
Our next target following stretching shortened tis-
sues should be correcting muscle strength imbal-
ance. In strengthening exercises, it would be 
beneficial to primarily begin from muscles sur-
rounding scapula. It must be borne in mind that 
scapula is the foundation of upper extremity move-
ments. Planning rehabilitation on a foundation that 
is not robust would lower the chance of success.

Phase 1: Conscious Muscle Control
Muscle performance problems arise from neuro-
muscular deficit (loss of co-contraction or couples) 

or strength deficit. While serratus anterior, middle 
and lower trapezius muscles weaken the activity of 
upper trapezius muscle increases. Therefore, one 
of the important points of exercise programme to 
be prescribed is to correct the muscle imbalance 
between the upper trapezius and its middle and 
lower parts [16].

In general, patients with affected shoulders try to 
compensate with excessive activation of upper trape-
zius during arm movements especially in elevation. 
Such movement must absolutely be blocked during 
rehabilitation. While doing the exercises, they 
should be towards increasing the activity of middle 
and lower parts of trapezius without activating the 
upper part. Especially the middle trapezius muscle, 
serratus anterior and rhomboid muscles bear impor-
tance in ensuring external rotation of scapula and its 
upward rotation along with medial stabilization of 
scapula. Lower trapezius has a role in ensuring the 
posterior tilt of scapula along with inferior stabili-
zation. Strengthening of these muscles is crucial in 
establishing the correct biomechanics. Scapular 
retraction exercises conducted without activating 
the upper trapezius can be used for this purpose 
(Fig. 18.1a, b).

Taping is among the methods used to ensure 
correct scapular movements. In individuals with 
“Impingement” syndrome, while there are studies 
showing that upper trapezius activation is reduced 
and lower trapezius activation is increased by 
scapular taping [8–10] (Fig. 18.10), there are also 
studies that report just the opposite, that it does not 
constitute a change [25] and that it even inhibits 
lower trapezius [26]. What is generally accepted is 

Fig. 18.8 Manual pectoralis minor releasing

Fig. 18.9 Levator scapula stretching

Fig. 18.10 Scapular taping
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that it reduces the upper trapezius activity. Through 
this effect, it is believed to assist in correcting the 
muscle strength imbalance that is aimed in the 
rehabilitation of shoulder problems. In addition, 
taping is also believed to be effective in increasing 
the proprioceptive input [27]. This change may be 
correlated with ensuring neuromuscular control.

An important approach to adopt in this stage 
is ensuring correct posture. Scapular movements 
of posture is effective in creating both shoulder 

and neck problems. Therefore, ensuring a correct 
posture would be instrumental in both reduction 
of symptoms and prevention of the recurrence. 
Prescribing posture exercises would be influen-
tial in reducing such problems and also carrying 
out all other exercises in correct posture would 
provide the involvement of body stabilization.

Phase 2: Ensuring Muscle Control and Strength 
Necessary for the Activities of Daily Living
In this phase, in scapular muscle training, muscle 
control and co-contractions or muscle strength 
should be focused [28].

It would be beneficial to begin scapular co- 
contraction training with simple movements and 
to move gradually to harder exercises. In open 
and closed kinetic chain exercises, exercises done 
with or without weight bearing may be used for 
this purpose.

In their electromyographic study, Kibler et al. 
[29] defined exercises that can be used at the 
 earlier stages of shoulder rehabilitation. “Low 
row”, “inferior glide” (Fig. 18.11), “lawnmover” 
(Fig. 18.12a, b), and “robbery” (Fig. 18.13a, b) 

a b

Fig. 18.12 (a) Beginning position of Lawnmover exercise; (b) ending position of Lawnmover exercise

Fig. 18.11 Inferior glide exercise
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exercises can be utilized to increase the activation 
of scapula stabilizer muscles during early reha-
bilitation phase.

Closed kinetic chain exercises are believed to 
help in increasing dynamic stability of glenohu-
meral joint, and also the input of intra-articular and 
periarticular proprioceptors and co- contraction rota-
tor cuff muscles. However, it is important to conduct 
this training in correct scapular position [30]. In 
increasing scapular muscle activity it is recom-
mended to begin with scapular retraction exercises 
with hands on the wall and retraction of scapula 
Fig. 18.14) and progress through push-ups on wall 
(Fig. 18.15), on the side of a table (Fig. 18.16), and 
then to continue with horizontal (Fig. 18.17a, b) 
scapular retraction and push-up exercises. It is pos-
sible to increase the activation of scapular muscles 
by having a mobile floor (Fig. 18.18) [31–33].

a b

Fig. 18.13 (a) Beginning position of Robbery exercise; (b) ending position of Robbery exercise

Fig. 18.14 Scapular retraction exercise on wall
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At this stage, while trying to increase serratus 
anterior, mid and lower trapezius muscle activity, 
avoiding upper trapezius activity continues. Cool 
et al. [16] notes that the exercises in Fig. 18.19a–d 
can be used for this purpose.

Phase 3: Scapular Control During Sports 
Activities
After restoring the strength balance, now the 
focus should be on the strengthening exercise. In 
this phase, sports-specific exercises can be used. 
Among the exercises preferred in this phase 
there are plyometric exercises such as throwing 
(Fig. 18.20) eccentric exercises done with the 
help of elastic resistance bands (Fig. 18.21a, b).

It is important not to overlook the scapulotho-
racic joint in the rehabilitation of upper extremity 
problems. It should be borne in mind that correct 
movement should be done on a sound foundation. 

Fig. 18.15 Push-ups o wall

Fig. 18.16 Push-ups on the side of a table

a

b

Fig. 18.17 (a) Beginning position of push-ups on knees; 
(b) ending position of push-ups on knees

Fig. 18.18 Scapular retraction on ball
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Correct biomechanics are among important fac-
tors in preventing injuries.

 Subacromial Impingement Syndrome

In impingement syndrome, understanding the 
underlying mechanisms and included structures 
enables us to administer more specific treatment 
approaches in treatment. Rehabilitation is a com-
plex process and in this process we require a com-

prehensive assessment and multi-faceted 
treatment programme of pain, scapular dysfunc-
tion, and rotator muscle weakness [34]. A well- 
planned and early-onset treatment programme 
accelerates individuals’ returning to activities and 
increases functionality. To this end, humeral head 
depressor mechanism weakness, posterior capsule 
tightness, and structures tightened in subacromial 
space contributing to impingement syndrome 
should be treated [35, 36]. Treatment should 
include reduction of pain and inflammation, cor-

a b

c d

Fig. 18.19 (a) Scapular retraction at side lying position; (b) external rotation at side lying position; (c) scapular retrac-
tion exercises on prone; (d) shoulder extension on prone

a b

Fig. 18.20 (a, b) Plyometric exercises
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rection of scapular humeral rhythm, increasing 
strength and endurance, re-education of move-
ment, functional training, ergonomic modifica-
tions, and patient training [10].

In subacromial impingement syndrome, 
patients especially feel pain in overhead activities. 
Recurring overhead activities increase the dam-
age in tendon and create a basis for inflammation. 
For this reason, it is necessary to commence the 
treatment with patient training and activity modi-
fication. Instead of expecting a complete limita-
tion of movements from patients, it is important to 
educate and do modifications in activities that 
causes symptoms to increase such as limiting 
overhead activities, preventing elevation of shoul-
der over 90° and placing the hand under pillow 
[35]. In order to keep inflammation under control 
and relieving pain, various physical agents and 
electrotherapy modalities are utilized. If the 
patients suffers from pain especially at night, to 
control the inflammation and to decrease pain and 
edema (3–4 times a day/15 min) cold applications 
should be preferred [9]. Cold application is 
believed to create vasoconstriction effect, decrease 
metabolic activity and thus reduces inflammation. 

The most commonly used electrotherapy modali-
ties in clinics are TENS, ultrasound, and laser. 
While TENS is among the effective electrother-
apy applications in controlling the pain, studies 
showed that laser application is effective in the 
short term, and ultrasound application is not effec-
tive. Another method used in the treatment of sub-
acromial impingement syndrome is acupuncture. 
However, since literature studies are limited and 
levels of evidence are low, it is not recommended 
as a standalone treatment method [10].

The most important aim in the period follow-
ing keeping pain and inflammation under control 
is to restore shoulder joint movement within nor-
mal biomechanical limits and to ensure strength 
balance of shoulder girdle muscles. For the treat-
ment, various types of exercises such as stretch-
ing exercises, isometric, isotonic, and isokinetic 
exercises should be selected considering the 
symptoms of the patient. The prescribed exer-
cises should place the movement pattern of nor-
mal joint movement, reduce mechanical 
subacromial tensions, and include special endur-
ance trainings that would ensure the maintaining 
of collagen tissue [37, 38].

ba
Fig. 18.21 (a) Beginning 
position of Biceps Brachi 
eccentric training; 
(b) ending position of 
Biceps Brachi eccentric 
training
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In this process, decreases in the range of 
motion can be observed depending on capsular 
tensions. Measurement of glenohumeral joint 
internal-external rotation range of motion is an 
important part of assessment process, and can 
guide through the management of the treatment 
period. Posterior capsular tension and posterior 
rotator cuff muscle tendon unit tightness are 
defined as factors limiting glenohumeral joint 
internal rotation [34]. Posterior capsular tension 
increases translation of humeral head towards the 
front and upwards during shoulder elevation and 
causes impingement, and modifies humeral head 
kinematics. In addition, there are studies that 
show humeral head shifting to posteriosuperior in 
excessive posterior capsular tension [34, 39–41]. 
For this reason, capsular stretching exercises are 
quite important in regaining posterior capsular 
flexibility, and should be among the first exer-
cises to think of (Fig. 18.5). Internal rotation 
stretching can be conducted both by using scapu-
lar plane and in various directions in glenohu-
meral abduction position. In internal rotation 
stretching, in order to reduce scapular compensa-
tion and control the shifting of humeral head 
towards anterior a hand is placed on humeral 
head and a posterior force is applied at varying 
degrees [34]. As home exercises, patients can be 
prescribed “sleeper stretch” and “cross body 
stretch”. What is needed to be paid attention is 
the stabilization of scapula in order to increase 
the effect of stretching (Figs. 18.4 and 18.5).

Among the structures that need to be paid 
attention to in rehabilitation is the pectoralis 
minor muscle. Tension of this muscle impairs the 
shoulder mechanics and causes rounded shoul-
ders and internal rotation of humerus, and nar-
rows down the space where impingement occurs 
even more [42, 43]. In releasing pectoralis minor 
muscle, stretching exercises and soft tissue mobi-
lization techniques can be used (Fig. 18.8). If 
there is a limitation in the joint movements of the 
patient, mobilization techniques can be utilized. 
The target joint for mobilization applications is 
initially the joint where the limitation is present, 
however, other joints in shoulder girdle (acro-
mioclavicular, sternoclavicular, and scapula tho-
racic joint), and soft tissues of cervical and 

thoracic spine should be included in rehabilita-
tion (Fig. 18.22). Studies showed that mobiliza-
tion combining with exercise is more effective 
compared to exercise only [10]. In mobilization, 
patients that indicate having positive shoulder 
instability should be paid attention. These 
patients must be assessed well, and this must be 
taken into consideration for mobilization 
approaches. Unsuitable stretching and mobiliza-
tion techniques risk shoulder stabilization and 
reduces the success of rehabilitation programme 
[34, 44, 45].

Following decreasing the pain in shoulder 
joint and gaining a near normal passive flexibility, 
strengthening exercises should be commenced 
[36]. Strengthening exercises should initially 
start with muscles around scapula. In patients 
with impingement symptoms and rotator cuff 
pathology, there exist sufficient evidence show-
ing that scapular kinematics are affected [46].

In this problem, called “scapular dyskinesia”, 
generally the upward rotation and posterior tilt of 
scapula is reduced while internal rotation is 
increased. Such change in scapular kinematics is 
observed in dynamic arm movement in addition 
to resting position. Conducting scapular dyskine-
sia rehabilitation in the manner described above 
is instrumental in reducing the symptoms 
[47–50].

Fig. 18.22 Sternoclavicular joint mobilization
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When prescribing strengthening exercises for 
muscles around glenohumeral joint, not to 
increase the pain but to reduce subacromial 
tightness should be targeted. For this reason, 
strengthening training should be commenced 
initially with humeral head depressor muscles; 
and deltoid and supraspinatus muscle should be 
ignored [51].

In order to strengthen the shoulder internal 
and external rotator muscles that are humeral 
head depressors, resistive elastic bands or free 
weights can be used. During exercise, it must be 
ensured that deltoid muscle is in a relaxed 
 position. For this reason, patient is asked to 
place a towel between arm and body and to 
complete the exercise without dropping the 
towel (Fig. 18.23a, b).

EMG studies showed that, in patients with 
shoulder impingement syndrome, a significant 
decrease occurs in supraspinatus and infraspina-
tus muscle activity [52]. In order to strengthen 
supraspinatus, “full can” exercises can be com-
menced in scapular position at this stage. In this 
exercise, less deltoid activity occurs compared to 
“empty can” exercise and it protects subacromial 
space and decreases upward translation of 
humerus. External rotation while side lying posi-
tion is the exercise that creates the highest amount 
of activity in infraspinatus muscle (Fig. 18.19b) 
[53]. It can then be proceeded to scapular retrac-
tion and horizontal abduction exercises along 
with external rotation in facedown position. The 
next step is eccentric strengthening. In this step, 

movement is conducted against low resistance 
utilizing weights or exercise elastic bands. In the 
next stage of rehabilitation, primary elevator 
muscles of shoulder should be strengthened. For 
the strengthening, simple weights and elastic 
bands can be preferred (Fig. 18.24a, b).

In order to increase muscle activity of weak 
muscles and stimulate proprioception, kinetic 
chain exercise, proprioceptive neuromuscular 
facilitation techniques, and diagonal exercises 
should be included to the rehabilitation program. 
Scapular protraction, retraction on wall, push-up 
and press-up exercises can be carried out in vari-
ous positions also by using other segments of the 
body. Studies showed that activity in various 
push-up positions; same side leg extension causes 
increase of serratus anterior muscle and opposite 
leg extension causes increase of lower trapezius 
muscle activity [54]. Plyometric exercises should 
be gradually proceeded to at the last stage. For 
the transition, the criteria are pain-free full range 
of joint motion, absence of sensitivity with palpa-
tion, and %80 muscle strength compared to the 
unaffected side.

Unwanted movements should be controlled 
during all these exercises, and conducting the 
exercise in isolation should be assisted. For this 
reason, exercises should first be done under the 
control of a physiotherapist, and then should be 
included in the home exercise programme of the 
patient.

Rehabilitation programme can be planned as 
in the example below.

a b

Fig. 18.23 (a) Resistive external rotation; (b) resistive internal rotation
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 Phase I: Acute Inflammatory Phase
Our goals

• To reduce pain.
• To keep inflammation under control.
• To preserve glenohumeral joint mobility.
• To prevent muscular atrophy.
• To correct posture.
• Patient education.

Rehabilitation

• To limit activities overhead/causing shoulder 
pain.

• Cold pack application, 3–4 times/day, 15 min.
• Posture exercises.
• Posterior capsule stretching, every hour, 20 s.
• Soft tissue mobilization and manual posterior 

capsule stretching, one time/week, at the 
clinic.

• Scapular retraction with elbow in flexion, 
4 times/day, 10 repeats.

• Scapular retraction with elbow in extension, 
4 times/day, 10 repeats.

 Phase II: Subacute Phase
To proceed to this phase, pain and inflammatory 
symptoms should be reduced, and Phase I reha-
bilitation should be well tolerated by the patient.

Our goals

• Widening the subacromial space.
• Increasing flexibility.
• Improving neuromuscular control.
• Correction of scapula humeral rhythm.

Rehabilitation

• Phase I exercises continue.
• Scapula protraction retraction exercise with 

hands on the wall, 4 times/day, 10 repeats.

a b
Fig. 18.24 (a, b) 
Rotator cuff 
strengthening during 
elevation
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• Internal/external rotation with shoulder in 
adduction (with towel between arm and body) 
and elbow in 90° flexion with elastic exercise 
band, 4 times/day, 10 repeats.

• Full can exercise with a weight of 0.5 kg (arm 
elevation in scapular plane), 4 times/day, 
10 repeats.

• Scapular retraction in facedown position with 
90° horizontal abduction.

• Dynamic hugging exercise with resistive 
band, 4 times/day, 10 repeats.

 Phase III: Functional Phase
To proceed to this phase, pain and impingement 
symptoms should not be formed in all shoulder 
movements, there should be an increase in mus-
cle performance, and a good scapular stabiliza-
tion is necessary.

Our goals

• Increasing strength and endurance of upper 
extremity.

• Ensuring neuromuscular control all direction.
• Normalizing arthrokinematics of shoulder 

complex.

Rehabilitation

• Internal, external rotation with resistive band 
with shoulder at 90° abduction, elbow at 90° 
flexion, 4 times/day, 10 repeats.

• Shoulder in flexion, abduction with a weight 
of 0.5 kg, 4 times/day, 10 repeats.

• Diagonal shoulder exercises in PNF patterns 
with exercise band.

• Perturbation exercises in various positions.
• Plyometric exercises containing throwing pro-

grammes can be commenced at the end of this 
phase.

 Frozen Shoulder

The aim of physiotherapy approaches for fro-
zen shoulder is to reduce pain and increase 
range of joint motion and functionality. Placing 
correct biomechanics during rehabilitation can 
prevent recurrence of the problem. For this 

reason nature of the pathology and underlying 
causes should be well analyzed and exercises 
programme must be planned accordingly. In 
order to be able to do this, it is necessary for 
the physiotherapist to evaluate the patient very 
well.

In the light of such assessments, first of all, 
information about the phase of disease and what 
shall be carried out should be given to the patient. 
Informing the patient especially on the fact that 
patient doing prescribed home exercise pro-
gramme does affect the success of the treatment. 
Studies showed that home exercise programs are 
effective in reducing symptoms [55, 56].

At the early phase of frozen shoulder (Phase 
1–2), pain is the most significant problem for 
patients. At these phase limitation in joint move-
ments is not observed due to capsule but because 
of pain. For this reason, various physiotherapy 
applications can be utilized. Especially cold 
applications, electrotherapy modalities and man-
ual therapy are preferred. If the patient specifi-
cally suffers from pain at night, which is 
frequently observed at this stage, cold application 
should be preferred in order to reduce inflamma-
tion. Other than this, in patients at the third stage 
of frozen shoulder, treatment modalities would 
cause loading on the joint cold applications may 
also be preferred even though the patients do not 
suffer from pain at night. Studies showed the 
effects of heat applications in frozen shoulder 
treatment. Stretching exercises done with deep 
heat modality especially in the frozen phase were 
shown to be more effective compared to stretch-
ing exercises done with superficial heat modality 
or standalone stretching exercises [8]. However, 
in cases that inflammation findings are present, 
we believe that cold application would be more 
beneficial. If the shoulder pain of the patient 
occurs secondary to tension in interscapular mus-
cles, heat to be applied on this region would also 
be quite beneficial.

Apart from this, TENS can be noted as effec-
tive electrotherapy methods for pain control. 
Along with the TENS application, long term low 
level stretching exercise were shown to be effec-
tive in reducing pain and increasing movement 
[57]. In a case study, it was reported that analgesic 
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electric stimulation applied on subscapularis 
muscle breaks pain-muscle protection cycle and 
that it can increase the range of motion and func-
tional level. During the application, one of the 
electrodes is placed on segmental innervation of 
subscapularis muscle (C5-T1), and the other on 
the belly of muscle [58]. In addition, it was also 
shown that laser application is effective in reduc-
ing pain and thus increasing function [59].

In clinics, various electrotherapy modalities 
are preferred for reducing symptoms. However, 
evidence is low in general on the effectiveness of 
such applications. While a low dose laser therapy 
for 6 days was found as more effective compared 
to the placebo group, it was also shown that its 
application with exercise was more effective than 
self exercise programme after 4 months [60]. The 
same review also reported that the level of evi-
dence is low in other electrotherapy modalities. 
In another study, electroacupuncture and interfer-
ential current were compared, however, both 
groups were also prescribed exercises. They 
reported that an improvement was present but a 
difference was absent between the groups. 
Although, in the study, both types of current were 
effective in the treatment of frozen shoulder, it is 
not clear whether the effect shown was produced 
due to the current type or to exercise [61].

In manual treatment approaches, it is believed 
that deep friction massage is effective in reducing 
pain secondarily with relaxing the soft tissue 
along with the decreasing perception of pain. 
However, levels of evidence are also low in stud-
ies conducted on the subject. In a review study, 
Glucocorticoid injection is found more effective 
in terms of pain relief at early phase, and manual 
therapy could be more effective in the long term 
but further studies would be necessary [60].

While trying to relieve the pain on one hand, 
dealing with the reduced range of joint motion is 
needed on the other. Especially at the first and 
second phases of frozen shoulder, it is quite trou-
blesome to both reduce the pain and prevent the 
range of joint motion from decreasing. While 
resting is recommended to reduce inflammation, 
joint becoming inactive would cause the limita-
tion to increase. Physiotherapist should be quite 
careful at this stage. While conducting necessary 

applications to relieve pain, range of motion 
exercises should be commenced without causing 
too much pain. It should be borne in mind that 
stretching exercises and mobilization techniques 
would be beneficial in cases with limitation in 
passive joint movement such as frozen shoulder 
that is not only due to pain but also to thickening 
and shortening in joint capsule.

Among the most effective physiotherapy 
approaches for increasing joint movements are 
exercise and mobilization techniques. Although 
many authors and clinicians think that mobiliza-
tion techniques are effective in reducing pain and 
increasing range of motion [62–64], sufficient 
evidence on this issue unfortunately does not 
exist. In a case series published on seven frozen 
shoulder patients, Vermullen [63] showed that 
the end range mobilization technique applied for 
3 months was effective. In another study, 
Vermullen [64] compared mobilization tech-
niques applied in higher and lower intensities, 
and noted that both groups had improvements but 
that better results were obtained in the mobiliza-
tion technique adopted at a higher intensity with 
a smaller difference. Yang et al. [65] showed that 
the end range mobilization technique is more 
effective compared to mobilization applied at 
mid range In physiotherapy and rehabilitation 
approaches it would be beneficial to start with 
scapular mobilization techniques, manual poste-
rior capsule and pectoralis minor stretching. 
However, it is believed that relieving the tension 
of the surrounding soft tissue through soft tissue 
mobilization techniques is effective in increasing 
the range of motion. In frozen shoulder reduced 
scapular upward rotation, posterior tilt and exter-
nal rotation was reported in previous studies [66, 
67]. As previously noted, increasing scapular 
movement through manual therapy methods 
would be effective in gaining the range of motion.

Thickening in the capsule is the most impor-
tant problem in frozen shoulder. It was shown in 
the frozen shoulder that anterior or posterior cap-
sule may be tightened but that more frequently 
posterior capsule is involved [68]. In cases in 
which posterior capsule is tense, scapula and 
humerus act as a whole. Trying to increase gleno-
humeral joint movement without ensuring 
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 posterior capsule flexibility would result in scap-
ula shifting to lateral and this would cause the 
surrounding tissues to be loaded with excessive 
stress. Posterior capsule stretching can be pre-
scribed as home exercise, and it should also be 
added to manual therapy programmes.

As it is the case in other shoulder pathologies, 
pectoralis minor is among the muscles that need 
attention in frozen shoulder rehabilitation. Short 
pectoralis minor is a frequently observed in fro-
zen shoulder. As noted previously, releasing and 
stretching exercises through manual therapy can 
be prescribed.

After the surrounding soft tissue is relaxed, 
and the scapular movements are increased, now 
glenohumeral joint mobilization techniques can 
be adopted if there still exists a continuing move-
ment limitation. Today numerous mobilization 
techniques are being used such as Cyriax, mulli-
gan, Maitland, etc. According to our clinical 
experiences, if your patient has a pain-related 
movement limitation as is the case in impinge-
ment syndrome, Mulligan’s mobilization tech-
niques are quite effective; however, if there is a 
limitation of movement due to thickening in joint 

capsule as it is the case in frozen shoulder, Cyriax 
mobilization techniques are believed to be more 
effective (Fig. 18.25a, b). It was shown that espe-
cially “end range” mobilization techniques are 
effective in gaining joint movements [63].

In a rehabilitation programme, exercise is the 
most important keypoint of a physiotherapist to 
increase the range of joint motion in addition to 
manual therapy methods. Patients doing the exer-
cises both in the clinic and as a home programme 
will increase the success of the treatment. In lit-
erature, there are studies showing the effective-
ness of exercise.

Stretching exercises occupies an important 
place in rehabilitation. Muscles are attempted to 
relax through manual therapy must absolutely be 
supported by stretching exercises. However, 
stretching at a correct intensity would affect the 
success of the treatment [69]. Intensity of the 
stretching can be determined according to the 
irritability classification. In patients that are 
highly irritated, stretching exercises at lower 
intensity and for shorter periods would be suffi-
cient to reduce pain, decrease muscle spasm, and 
increase range of motion by stimulating joint 

a b

Fig. 18.25 Cyriax mobilization techniques (a) abduction during traction; (b) passive shoulder flexion
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receptors [70]. At this point, stretches should be 
between 1 and 5 s and within the range of pain- 
free joint movement. Aggressive stretches done 
during this period may cause the extension of 
such period. When level of irritability of patients 
is decreased, it is possible to increase the inten-
sity of stretches. It should be borne in mind that 
in this period, the tissue is in “remodelling” 
phase and it becomes stronger with collagen syn-
thesis and increase of other extracellular compo-
nents by the applied eccentric loading [71, 72].

Especially posterior capsule (Figs. 18.4 and 
18.5), anterior capsule (Fig. 18.26), upper trape-
zius (Fig. 18.27), and pectoralis minor stretching 
exercises are recommended. In addition, latissimus 
dorsi muscle must not be forgotten. This muscle 
is responsible for shoulder internal rotation. 
Tightness of this muscle would affect the range 
of joint motion. Latissimus dorsi stretching exer-
cise is effective in increasing the range of motion 
[73].

Exercises done by using the body weight at 
the edge of a table are quite effective in increas-
ing the range of motion (Fig. 18.28a, b). Finger 

ladder exercise are frequently preferred in clin-
ics. However, when this exercise is prescribed, 
attention must be paid. Many patients resort to 
hyperextension in lumbar region in order to reach 
further. When this exercise is done frequently in 
this position, it may cause back pain.

In some cases, in patient that continue to have 
a long-term range of motion limitation, they may 
not be able to use their arms comfortably in their 
activities of daily living even though the passive 
range of joint motion increases. The reason for 
this is lack of sufficient muscle strength against 
gravity. At this stage, exercises with active assis-
tance should be preferred. “Wand” exercises are 
among the exercises to be prescribed for this 
purpose. It would be possible to increase active 
range of motion through active repetitive con-
tractions by keeping the arm in the position fol-
lowing raising the arm with the help of a walking 
stick and stopping the assistance of the walking 
stick at varying angles (Fig. 18.29).

Our next goal following the decreasing the 
pain and increasing the range of joint motion 

Fig. 18.26 Anterior capsule stretching
Fig. 18.27 Upper trapezius stretching
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should be to correct the strength imbalance. As 
with the other shoulder pathologies, it would be 
accurate to start strengthening exercises from the 
muscles surrounding scapula and then move on 
to muscles surrounding the shoulder.

Proprioceptive exercises should also be pre-
scribed in the rehabilitation programme. Closed 
kinetic chain exercises are believed to be effective 
in increasing the proprioceptive input both 
through stress loading on joint capsule and 
through forming co-contractions. Various sensory 
inputs can be ensured through different platforms 
used in these exercises (Fig. 18.30).

 Instabilities

In shoulder instability, it is important to fully 
understand the pathophysiology occurring in gle-
nohumeral joint in order to plan a rehabilitation 
programme. Laxity increase in glenohumeral 
joint capsule, impairment of the integrity of joint 
capsule and glenohumeral ligaments, glenoid 
bone loss, deformities occurring on the longer 
head of the biceps muscle in SLAP lesions should 
be assessed well and appropriate approach must 
be selected.

In previous studies, it was reported that while 
planning a rehabilitation programme in shoulder 
instabilities, attention should be paid to such factors 
as the onset of pathology, the level of instability 

Fig. 18.29 “Wand” exercises

Fig. 18.30 Scapular clock exercise

a b

Fig. 18.28 (a) Flexion stretching at the edge of a table; (b) abduction stretching at the edge of a table
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(subluxation, dislocation), prevalence (acute, 
chronic), direction of instability (anterior, poste-
rior, multi-directional), accompanying patholo-
gies, neuromuscular control, and pre- injury activity 
levels [74].

The first thing that should come to mind is the 
injury mechanism. In shoulder instabilities occur-
ring due to a trauma, joint movements should be 
permitted within the pain threshold, due to the 
fact that pain is caused by tissue damage and 
muscle spasm, and pain and muscle spasm should 
be reduced. In atraumatic and recurrent disloca-
tions, an insufficiency is observed in keeping 
humeral head inside the glenoid cavity, and for 
this reason, dynamic stability needs to be 
increased along with proprioceptive training.

On the other hand, severity of trauma, presence 
of injury in contractile tissue along with degener-
ation in glenohumeral joint capsule and in liga-
ments, the direction of dislocation is the key point 
in determining the rehabilitation programme.

Previous studies reported that the application 
of physiotherapy or immobilization in individuals 
at the ages between 21 and 30 that went through 
primary shoulder dislocation did not reduce the 
recurrence risk of shoulder dislocation. Primary 
surgical stabilization is recommended especially 
for individuals doing sports at higher intensities 
[75, 76]. Studies noted that post-surgery rehabili-
tation success after the first shoulder dislocation 
is higher compared to rehabilitation on individu-
als that do not go through surgery [77].

In posterior shoulder instability rehabilitation, 
increased internal rotation of scapula and horizon-
tal adduction of the arm should be paid attention. 
In posterior shoulder dislocations that occur due 
to trauma, shortening that may develop in the pos-
terior capsule after surgery should be prevented. 
For this purpose, arm slings that fix the arm lightly 
in external rotation should be used [78, 79].

In SLAP lesion, pathological changes occur in 
superior glenoid labrum and the long head of 
biceps muscle. At the early stages, degenerative 
changes are observed in labrum and the long 
head of biceps muscle. At later stages, impair-
ment of the stability of shoulder joint and supe-
rior labral tear occur due to bicipital instability. 
For this reason, reducing the pain developing in 

shoulder during rehabilitation and increasing 
muscle activity in biceps muscle gradually bears 
importance [80, 81].

In multi-directional shoulder instabilities, 
such symptoms as pain, lack of confidence, and 
kinesiophobia occur due not being able to pre-
serve centralization of humeral head into joint 
movement centre of glenoid cavity, during arm 
elevation. Pain developing in such individuals is 
not localized on a certain region but shows a 
widespread course. In general, conservative treat-
ment is preferred in shoulder instability that 
occurs voluntarily and/or involuntarily.

Understanding recovery response of the tissue 
along with knowing the surgical technique 
adopted in shoulder instability, occupy an impor-
tant place in rehabilitation.

 Conservative Rehabilitation 
in Shoulder Instabilities

Phase 1 (0–2 Weeks):
Our objectives

• Reducing pain and inflammation.
• Ensuring pain-free range of joint motion.
• Preventing glenohumeral and scapulothoracic 

muscle atrophy.

Rehabilitation

• Applying ice to reduce pain.
• Passive range of shoulder joint motion with 

exercise ball.
• Active assistive shoulder flexion and abduc-

tion exercises.
• Scapular retraction exercises.
• Isometric strengthening exercises with pain 

control for shoulder girdle muscle.
• Progressive shoulder IR/ER exercises with 

pain control beginning from 0° abduction 
position.

Phase 2 (3–4 Weeks):
Objectives

• Gaining and increasing shoulder and scapular 
muscle control.
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• Ensuring normal scapulothoracic 
arthrokinematics.

• Ensuring neuromuscular control.
• Improving proprioception.

Rehabilitation

• Isotonic strengthening exercises for shoulder 
girdle.

• Ensuring scapular control.
• Scapular retraction and closed kinetic chain 

exercises.
• Shoulder IR/ER strengthening exercises at pro-

gressive abduction angles (from 45° to 90°).
• Core stabilization exercises.
• Neuromuscular control exercises.
• Proprioceptive exercises.

Phase 3 (4–6 Weeks):
Objectives

• Increasing shoulder girdle and scapulotho-
racic muscular strength, and endurance.

• Ensuring dynamic stability.
• Ensuring pain-free total range of joint motion.

Rehabilitation

• Exercises applied in Phase 2 progressively 
continue.

• Isokinetic strengthening exercises.
• Thrower’s ten exercises.
• Sports-specific exercises.

Attention to in conservative rehabilitation of 
shoulder instabilities

• Stretching exercises for SLAP 1 and 3 poste-
rior and inferior capsules should be included 
in rehabilitation programme at earlier stages.

• At the early stages of multi-directional shoul-
der instabilities and posterior shoulder insta-
bilities, closed kinetic chain exercises that 
cause increase in the retroversion of glenoid 
should be avoided [82].

• Strengthening of primary periscapular stabi-
lizers muscles is important in the conservative 
rehabilitation approach of shoulder instability. 

In addition to the strengthening programme 
primarily for mid-lower trapezius, rhomboids 
and serratus anterior muscles, secondary mus-
cles responsible for scapular stabilization such 
as pectoralis minor, latissimus dorsi, and 
 pectoralis major should be included in the 
rehabilitation programme at later stages.

• Exercise programme should be progressive. 
The programme should start from the prone 
position first, and then should progress to 
ensure scapular stabilization in supine posi-
tion, standing up, and increased arm elevation. 
To this end, the isometric strength of the per-
son, manual resistance, theraband, theratubes, 
and free weights can be used.

• Strengthening exercises for rotator cuff mus-
cles should be prescribed. Rhythmic stabiliza-
tion exercises to be done by using co-contraction 
of agonist and antagonist muscles in the neu-
tral position of glenohumeral joint and scapu-
lar in retraction should continue at later stages 
by increasing the arm abduction.

• Proprioceptive training of unstable glenohu-
meral joint is important. Proprioceptive train-
ing should start with closed kinetic chain 
exercises and scapular clock exercises at early 
stages, and at later stages, scapular and gleno-
humeral stability should be ensured at varying 
glenohumeral joint angles, and perturbation 
training and plyometric training should be 
given.

 Postoperative Rehabilitation

If symptoms affect normal function of the patient, 
surgical treatment can be preferred in impinge-
ment syndrome that does not respond to conser-
vative treatment, and in partial or full thickness 
rotator cuff tears and instabilities. However, an 
early repair can be implemented in young patients 
with acute rotator cuff tear.

In order to increase the surgical success and 
carry out and more effective rehabilitation, the 
characteristics of the patient should be brought to 
an optimal level. Absence of limitation in passive 
joint movement, especially before the surgery, 
would ensure a much more successful rehabilita-
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tion after the surgery. Otherwise, both preserving 
surgical structure and trying to increase the pas-
sive joint movement would cause a prolongation 
of the rehabilitation process. For this reason, 
physiotherapists should always be in communica-
tion with orthopaedists and implement preopera-
tive rehabilitation on patients with passive joint 
movement limitation before the surgery. This way 
it will be possible to implement a faster rehabilita-
tion programme through increasing activation of 
the muscle around scapula and of the shoulder 
and through learning exercises to be done after the 
surgery. Table 18.1 shows pre- surgery rehabilita-
tion protocol implemented by Duzgun et al. [83].

 Rehabilitation Following Subacromial 
Decompression
Impingement syndrome and partial tears can be 
treated by the debridement of both the lower and 
upper surface of tendon. Debridement allows for 
the repair of the injured segment of rotator cuff 
and stimulates recuperation response. Patients 
with partial tear are luckier in going back to 
activities in the post-surgery period.

Since, in these surgeries, no repair is applied 
on soft tissue, the objective in rehabilitation is to 
relieve the pain, relieve the tension of the soft tis-
sue, and increase the range of motion. Cold appli-
cation is quite effective for the decreasing pain 
and inflammation after the surgery [84]. Especially 

Table 18.1 Rehabilitation protocol implemented before 
the surgery (with permission from ref. 83)

Week Application Frequency

1. Week Cold application 4 times/day, 
20 min

Posterior capsule 
stretching

1 time/h

Rest of the shoulder joint

2. Week Continue first week

Scapular mobilization and 
manual posterior capsule 
stretching

1 time/week, 
at clinic

Scapular retraction with 
elbow flexion

4 times/day, 
10 rep.

Scapular retraction with 
elbow extension

4 times/day, 
10 rep.

Scapular retraction on the 
wall

4 times/day, 
10 rep.

3. Week Continue second week

Shoulder muscle 
strengthening with 0.5 kg 
weight

  Flexion 4 times/day, 
10 rep.

  Abduction 4 times/day, 
10 rep.

  Full can (arm elevation 
at scapular plane)

4 times/day, 
10 rep.

4–6 
Weeks

Continue third week

Arm flexion, abduction and 
full can increased weight

4 times/day, 
10 rep.

External and internal 
rotation at 0° arm 
abduction with thera-band

4 times/day, 
10 rep.

Table 18.2 Rehabilitation programme following rotator cuff repair (with permission from ref. 86)

Fast Exercise Protocol Slow

Week In clinic At home Week

0–1 weeks Cold pack (before treatment) Every 2 h, for 20 min 0–1 week

1–2 weeks Cold pack Once 20 min Every 2 h, for 20 min 1–4 weeks

Deltoid and biceps soft tissue 
mobilization

Kneading 5 min

Standing passive flexion near the table 10 rep × 1 set 10 rep × 2 set/day

Standing passive abduction near the 
table

10 rep × 1 set 10 rep × 2 set/day

Standing passive ER with stick 10 rep × 1 set 10 rep × 2 set/day

Active elbow flexion 10 rep × 1 set 10 rep × 2 set/day

Active elbow extension 10 rep × 1 set 10 rep × 2 set/day

Gripping exercises for hand 10 rep × 2 set 10 rep × 2 set/day

Active cervical flexion-extension 10 rep × 1 set 10 rep × 2 set/day

Active cervical lateral flexion 10 rep × 1 set 10 rep × 2 set/day

Active cervical rotation 10 rep × 1 set 10 rep × 2 set/day

(continued)
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Fast Exercise Protocol Slow

Week In clinic At home Week

2–3 weeks Cold pack Once 20 min 20 min × 4 times/day 4–6 weeks

Supine passive flexion with stick 10 rep × 1 set 10 rep × 2 set/day

Supine passive scaption with stick 10 rep × 1 set 10 rep × 2 set/day

Passive ER with stick 10 rep × 1 set 10 rep × 2 set/day

Active elbow flexion 10 rep × 1 set 10 rep × 2 set/day

Active elbow extension 10 rep × 1 set 10 rep × 2 set/day

Scapular mobilization Superior-inferior, medio-lateral directions 
5 min

GH mobilization Grade 1–2 ant-post gliding 5 min

Scapular clock 10 rep × 1 set

3–4 weeks Cold pack Once 20 min 20 min × 3 times/day 6–8 weeks

Scapular mobilization Add rotation component 5–10 min

GH mobilization Progress grade 3 to 4 10 min

Manual scapular resistive exercise Retraction-protraction up-downward rot 
10 rep × 1 set

If no resting pain

Active shoulder flexion until 90 6 rep × 1 set 6 rep × 2 set/day

Active shoulder IR at 0 abd 6 rep × 1 set 6 rep × 2 set/day

Active shoulder abduction until 90 6 rep × 1 set 6 rep × 2 set/day

Active shoulder 45 ER at 0 abd 6 rep × 1 set 6 rep × 2 set/day

Scapular retraction during elbow 
flexion with light tb

10 rep × 2 set 10 rep × 2 set/day

Scapular retraction during elbow 
extension with light tb

10 rep × 2 set 10 rep × 2 set/day

Resistive biceps with light tb 10 rep × 1 set 10 rep × 2 set/day

Resistive triceps with light tb 10 rep × 1 set 10 rep × 2 set/day

Supine serratus anterior strengthening 10 rep × 1 set  
with 1 kg

10 rep × 2 set/day

4–5 weeks 8–10 weeks

Cold pack Once 20 min 20 min × twice/day

If it is necessary continue scapular and GH joint 
mobilization

Shoulder flexion with light tb until 90 10 rep × 1 set 10 rep × 2 set/day

Shoulder abduction with light tb 
until 90

10 rep × 1 set 10 rep × 2 set/day

Shoulder IR with light tb at 0 abd 10 rep × 1 set 10 rep × 2 set/day

Shoulder ER with light tb at 0 abd 10 rep × 1 set 10 rep × 2 set/day

Active shoulder flexion up to 90 10 rep × 1 set

Active shoulder abduction up to 90 10 rep × 1 set

Active shoulder IR at 45 abd 10 rep × 1 set

Active shoulder ER at 45 abd 10 rep × 1 set

Scapular retraction during flexion with 
moderate tb

10 rep × 1 set 10 rep × 2 set/day

Scapular retraction during extension 
with moderate tb

10 rep × 1 set 10 rep × 2 set/day

Posterior capsule stretching 3 rep × 1 set 30 s 3 rep × 2 set/day

Scaption thumb up with light tb 10 rep × 1 set 10 rep × 2 set/day

Table 18.2 (continued)
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Table 18.2 (continued)

Fast Exercise Protocol Slow

Week In clinic At home Week

5–6 weeks 10–14 weeks

Cold pack Once 20 min 20 min × twice/day

If it is necessary continue scapular and GH joint 
mobilization

Shoulder flexion with mod tb 10 rep × 1 set 10 rep × 2 set/day

Shoulder abduction with mod tb 10 rep × 1 set 10 rep × 2 set/day

Shoulder IR with mod tb 10 rep × 1 set 10 rep × 2 set/day

Shoulder ER with mod tb 10 rep × 1 set 10 rep × 2 set/day

Scapular retraction during elbow 
flexion with mod. Tb

10 rep × 1 set 10 rep × 2 set/day

Scapular retraction during elbow 
extension with mod. Tb

10 rep × 1 set 10 rep × 2 set/day

Posterior capsule stretching 3 rep × 1 set 30 s 3 rep × 2 set/day

Scaption thumb up with mod tb 10 rep × 1 set 10 rep × 2 set/day

Prone horizontal abd thumb up 10 rep × 1 set 10 rep × 2 set/day

Side lying IR stretching 3 rep × 1 set 30 s 3 rep × 2 set/day

Side lying ER with 1 kg 10 rep × 1 set

Stabilization training on the ball 5 min

Wall shoulder press up 10 rep × 1 set 10 rep × 2 set/day

6–8 weeks 14–22 weeks

6 weeks Cold pack Once 20 min 20 min × once/day 14–18 weeks

Shoulder flexion with moderate tb 10 rep × 1 set 10 rep × 2 set/day

Shoulder abduction with moderate tb 10 rep × 1 set 10 rep × 2 set/day

Shoulder IR with moderate tb 10 rep × 1 set 10 rep × 2 set/day

Shoulder ER with moderate tb 10 rep × 1 set 10 rep × 2 set/day

Posterior capsule stretching 3 rep × 1 set 30 s 3 rep × 2 set/day

Scaption thumb up with moderate tb 10 rep × 1 set 10 rep × 2 set/day

Prone horizontal abduction thumb up 10 rep × 1 set  
with 1 kg

10 rep × 2 set/day

Side lying IR stretching 3 rep × 1 set 30 s 3 rep × 2 set/day

Side lying ER with 2 kg 10 rep × 1 set 10 rep × 2 set/day

Wall-ball stabilization 5 min

Resistive PNF patterns 10 rep × 1 set  
with 2 kg

7 weeks 18–22 weeks

Wall shoulder push up 10 rep × 1 set 10 rep × 2 set/day

On the table press up 10 rep × 1 set 10 rep × 2 set/day

On the table push up 10 rep × 1 set 10 rep × 2 set/day
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at early stages, a 15-min ice application every 2 h 
is recommended. Passive joint motion can be 
commenced from the second day following the 
surgery. Since fundamentally no repair occurs in 
the soft tissue, although there exists no disadvan-
tage to commence active movement, passive joint 
motion exercises to be done at the pain threshold 
would produce the desired effect without the 
patient suffering from too much pain due to post-
surgery inflammation presence and the tightness 
surrounding soft tissue. Exercises done at the end 
of the table and on ball for the purpose of passive 
range of motion exercises are suitable in the post-
surgical period (Fig. 18.31a, b).

In addition, releasing of the surrounding soft 
tissue by manual therapy applications conducted 
in this period would help in relieving the pain 
(Fig. 18.32a, b).

Under normal conditions, pain is expected to 
reduce from the fifth day after the surgery. 
Following the pain beginning to reduce, increase 
in active range of joint motion is aimed with 
active assisted exercises. Wand exercises are 
quite effective in this period (Fig. 18.33a, b).

In addition, this would be a step taken for pro-
ducing a correct biomechanics through strength-
ening exercises for scapular retractors.

a

b

Fig. 18.31 (a) Flexion stretching on the ball; (b) abduc-
tion stretching on the ball

a

b

Fig. 18.32 (a) Scapular mobilization; (b) surrounding 
soft tissue mobilization
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a b

Fig. 18.33 (a) Wand exercise- flexion; (b) wand exercise- external rotation

In active assisted exercises, Active movement 
can be used to along with the reduction in pain, 
and the said period of time is between 2 and 
3 weeks. Shoulder joint active movements can be 
commenced with elevation exercises in flexion, 
abduction, and scapular plane. For these move-
ments, mild resistance exercises can be added 
following the reduction in pain. In clinic, the 
starting point is generally 0.5 kg and resistance is 
then planned to increase according to the adapta-
tion of the patient.

In the next phase, can be proceeded first to the 
resistance internal rotation and then to resistance 
external rotation exercises.

The special attention that needs to be paid in 
resistance exercises is not to cause an increase in 
the pain of the patient. Increase in the paint points 
to the fact that the muscle is loaded with a higher 
load than it can actually bear, and thus resistance 
must absolutely be decreased. Proprioceptive 
exercises should definitely have a place in reha-
bilitation following the surgery. To sum up, reha-
bilitation following decompression surgeries is 
not at all different than conservative physiother-
apy programmes. Taking into consideration the 
pain bears quite an importance in the progression 
of exercises [84].

 Rehabilitation Following Rotator Cuff 
Repair
Following the repair, the protection of the 
repaired tissue is one of the prior objectives of 
rehabilitation. Since active movement would 
impose stress on the restored region especially at 

early stages, special attention should be paid. 
There is yet to be a consensus on this subject in 
literature. While some authors suggest that 
active movement should not be commenced 
before 6 weeks [85], certain studies show that 
active movement started at the third week does 
not have a damaging effect. In their study, 
Düzgün et al. [86] manifested that fast rehabili-
tation protocol applied with pre-surgery reha-
bilitation programme does not have a damaging 
effect in the sixth month. However, further stud-
ies are needed for long-term results. In a meta-
analysis, it was reported that early range of joint 
motion exercises might be effective in prevent-
ing post- surgery rigidity in small and medium 
tears but special attention should be paid in mas-
sive tears [87]. In another meta-analysis, while 
re-tear rate in patients that were prescribed early 
passive joint motion exercise in small tears 
below 3 cm were lower compared to patients 
that were commenced late, commencing early 
passive joint exercises increase re-tear risk in 
tears greater than 5 cm [88]. The size of tear 
should be taken into consideration for exercises 
to be selected.

In classic rehabilitation protocols to starting 
passive movements during weeks 1–4, then active 
assisted exercises between weeks 4–6, and active 
movement between weeks 6–8 is accepted. 
Timing of commencing resistance exercises after 
active movement are within basic guidelines of 
rehabilitation. This means that it is of utmost 
importance to not to increase the pain by the pre-
scribed resistance exercise.
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In their study, Hayes et al. [89] showed that a 
difference does not exist between the treatment 
of patients in clinic and follow-ups through home 
programme following rotator cuff repair in terms 
of range of joint motion and muscle strength. 
Patience adhering to home programme is among 
the definite factors that affect the success of the 
treatment. However, it is believed that a follow-
 up at a physiotherapy clinic by physiotherapists 
for 2 days a week would increase the success of 
post-surgery rehabilitation.

When checked in general, although there 
exists no significant differences between manual 
therapy phases applied after soft tissue repair 
(rotator cuff repair, Bankart repair, SLAP repair), 
timing of the exercise and movements that needs 
to be paid attention to manifests differences. 
Manual therapy application phases following soft 
tissue repair are given below.

Phase 1: Maximum Protection Phase 
(1–10 Days)
This is the absolute immobilization period.

Treatment:

• Immobilization with a sling.
• Ice application.

Causes:
Immobilization is of utmost importance in the 

first 3–5 days since this allows for inflammation 
and proliferation phases. Throughout the inflam-
mation phase (1–72 h), vasodilatation, edema, 
and debris phagocytosis are formed around the 
wound [69]. Movement is not permitted in order 
to protect the newly formed capillaries. Early and 
excessive movement causes inflammation phase 
to prolong and excessive scar tissue to occur.

Heat is the second factor to be avoided. It 
causes vascular stress on the newly formed capil-
laries. Ice application can be used to keep edema 
and pain under control.

On the 7th–10th days following the surgery, 
initial application of stress on the tissue can be 
started. Fibroblastic phase of recovery with fibro-
blasts in tissue has just begun [90]. This slow 
early movement, just as Grade 1–2 joint mobili-
zation and passive joint movement in the pre-

served position, helps the formation of new 
regular collagen fibres, ensuring muscle relax-
ation, and prevention of adhesion formation [69].

Phase 2: Protective Mobilization 
(10 Days–4 Weeks)
Immobilization with sling continues.

Treatment:

• Continued Grade 1–2 mobilization.
• Active and passive scapular gliding.

Causes:
The aim of this phase is to form a functional 

scar and to decrease other compensatories and 
dysfunction. Early mobilization has a significant 
effect on the length, sliding, and tension force of 
the scar tissue. Recovery begins with fibroplasia 
following the end of inflammatory phase. As 
noted by Donatelli, Peacock et al. [14] showed 
that the wound recovery starts on the fourth day 
with the formation of scar tissue and is acceler-
ated in the first 3 weeks [69].

Mobilization techniques may become effec-
tive throughout early fibroplasia depending on 
the re-development of collagen tissue.

Phase 3: Medium Protection Phase 
(4–6 Weeks)
Glenohumeral joint’s pain and sensitivity at rest 
are decreased. Sutures were removed and superfi-
cial healing was ensured. Decrease in scapular 
movement in patients continues.

Treatment:

• Grade 3 and 4 Glenohumeral joint mobiliza-
tion in posterioanterior direction.

• Soft tissue mobilization.
• Active assisted and active joint movements 

are commenced.

Causes:
Medium protection phase mostly allows for 

the transition from active assistive joint move-
ment to active joint movement in the fourth week. 
Collagen formation continues at a high level up 
until the sixth week. In this phase, the purpose of 
rehabilitation is to ensure the prolongation of col-
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lagen that is newly synthesized, and increasing a 
regular collagen formation and also sliding 
between collagen fibres. When the tensile strength 
reaches its maximum, in the third week at the ear-
liest, active joint movement is permitted.

Soft tissue mobilization carried out on the scar 
and its surroundings enables the incision scar to 
prolong and allows for proper muscle function 
and reduction in pain. In addition, Prevention of 
muscle atrophy and inhibition, and protecting 
from the negative effects of immobilization are 
among the purposes of this phase.

PNF resistance is commenced in scapular pat-
tern. This way scapular muscle activity restora-
tion and dynamic proximal stability is ensured. 
Isometric contractions in protected position begin 
in the fifth week. With isometric contractions, it 
is aimed to prevent muscle inhibition and ensure 
the recovery of soft tissue through dynamic ten-
sion [69].

Phase 4: Late Medium Protection Phase 
(6–12 Weeks)
In this phase, increase in the mobility of incision 
scar and scapular movements being within nor-
mal range are expected.

Collagen formation gradually decreases in the 
sixth week. Maturation or reformation (re- 
modelling phase) begins in the third week and 
continues up until 12–18 months. It is important 
to bring scar extensibility to maximum since scar 
deformity may largely decrease in the 14th week 
[91]. Importance should be attached to strength-
ening in this phase.

Phase 5: Minimal Protection Phase 
(12–16 Weeks)
In this phase, joint movement conducted without 
multi - repetitive limitation ensures the scar to 
mature. Elimination of limitation is aimed 
through manual techniques adopted throughout 
this phase [69].

Phase 7: Back to Function (16 Weeks 
and Beyond)
In general, if abnormal pattern or pain is non- 
existent in movements in the 16th week, func-
tional phase is commenced. This phase is 

progressed based on the response. A higher func-
tionality and maximal effort is required during 
exercises [69].

Generally, the key point in rehabilitation fol-
lowing rotator cuff repair is the improvement of 
the movement. If pain is present during move-
ment, a severe muscle inhibition is responsible 
for this. Pain may occur as a result of an injury or 
due to surgery. In order to relieve pain, numerous 
modalities such as ultrasound, TENS, galvanic 
stimulation can be used. And also resting, ice 
application and avoidance painful movements 
should be advised [92]. After the pain is kept 
under control, exercises to increase the range of 
joint motion should be started. In order to increase 
shoulder joint movement active assisted exer-
cises may be initiated following passive joint 
mobilisation. Cohen et al. [85] recommends 
beginning joint movement exercises in supine 
position while the arm is on the side of the patient, 
supported by pillows and elbow in flexion. With 
this position, forces through the shoulder joint 
are reduced through decreasing the gravity effect 
and shortening the upper extremity limb.

In this phase, Codman’s exercises are pre-
ferred in numerous protocols. Patient must be 
ensured to relax their arm during Codman’s exer-
cises especially following rotator cuff repairs. It 
was shown in a study that EMG activation 
increases in muscle especially during Codman’s 
exercises done extensively [93]. For this reason, 
attention should be paid during this exercise and 
Codman’s exercises should be preferred on a 
smaller scale.

As the pain-free joint movement of the patient 
improves, exercises should be progressed to sit-
ting and standing positions.

The time to start muscle strengthening exer-
cises during rehabilitation is correlated with the 
correct diagnosis and establishment of treat-
ment programme. In literature, it is recom-
mended to start active movement and muscle 
strengthening exercises at the sixth week fol-
lowing the surgery in order to allow for the 
recovery of the repaired tendon and greater 
tubercle of the humerus in a patient that went 
through rotator cuff repair. Various exercises 
can be used to strength the muscles surrounding 

18 Shoulder Rehabilitation



244

the shoulder. Closed kinetic chain exercises 
used in the beginning are the safest strengthen-
ing exercises. The advantage of closed kinetic 
chain exercises is that it ensures the co-contrac-
tion of both agonist and antagonist muscle 
groups. These exercises enhance shoulder stabi-
lization function and limit the amount of shear 
strength going through the joint via normal 
physiologic motor patterns. Strengthening exer-
cises are commenced below 90° flexion and 
extension. Following the recovery of the tissue 
and the joint movement is ensured, abduction 
and flexion movements with resistance are initi-
ated. Strengthening of scapular stabilizers bears 
quite an importance and should be commenced 
in the early phases of the rehabilitation pro-
gramme [79].

More aggressive strengthening are proceeded 
towards as the recovery continues. Internal/exter-
nal rotation exercises are a form of open kinetic 
chain activity and doing these exercises by posi-
tioning the shoulder in scapular plane increases 
the performance since minimum load is imposed 
on the shoulder joint capsule in scapular plane and 
functional movements are conducted in this posi-
tion [94]. The most widely used open kinetic chain 
exercises are plyometric exercises. Plyometric 
activities, which are a part of all sports activities, 
are defined as the tension and shortening cycle of 
the muscle. First the muscle is stretched eccentri-
cally and then load is gradually born [95].

For this reason these exercises create more 
stress on the tissue and completion of tissue 
recovery and ensuring a complete motion is nec-
essary to start plyometrics within the rehabilita-
tion programme. TheraBand, exercise ball or free 
weights are accepted as plyometric exercise 
materials. In order to prevent an unwanted injury 
during such exercises, physiotherapist should 
always observe the patient.

Patient education is an important step in start-
ing the rehabilitation programme. This is more 
important component that affects the motivation 
of the patient during rehabilitation. Patient edu-
cation includes general information, contents of 
the exercise programme and steps that are neces-
sary to do exercises correctly. In this way it is 
aimed to increase the motivation of the patient 

within the home programme. In order to ensure 
complete recovery, home exercise programmes 
are recommended. In this way recovery of the 
patient is accelerated and the cost is reduced. 
Many health insurance policies impose restric-
tions on physical therapy expenditures. The 
 rehabilitation period is shortened through home 
exercise programme carried out regularly.

Table 18.2 shows fast and slow rehabilitation 
protocol following rotator cuff repair generated 
by Duzgun et al. [86]. In the study, patients with 
grade 2–3 rotator cuff tear were implemented 
into two different exercise protocols. In the fast 
protocol, patients that underwent rotator cuff 
repair were given pre-surgery exercise pro-
gramme. When slow and fast protocols were 
compared in the sixth month following surgery, 
no difference in pain and functional activity was 
found [80]. However, in fast protocol, range of 
joint motion [83] and functional activity levels 
were shown to re-gain at the earlier stages.

It must be borne in mind that such factors as 
age, size of tear, fatty infiltration amount should 
be taken into consideration for the rehabilitation 
of patients following rotator cuff repair. While 
following the programme, responses of the 
patient to exercises must be observed well and 
accurate exercise timing should be ensured.

 Rehabilitation After Anterior 
Capsulolabral Repair of the Shoulder
There are four main rules to ensure success in 
rehabilitation [96]:

 1. Understanding the surgical technique: In ante-
rior instabilities without labral injuries, sur-
geons stretch capsule and glenohumeral 
ligaments with capsular plication or capsular 
shift techniques. Suture anchors are used in 
cases with anteroinferior labral injuries. Three 
suture anchors are used in typical capsular 
shift application without Bankart repair. In the 
presence of Bankart lesions, shift or stretch of 
capsule is not necessary in general in bony 
Bankart or other labral injuries. Anatomic 
repair of capsulolabral complex is then applied.

 2. Understanding how anatomic structures are 
under stress and how recovery is stimulated: 
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In standard anterior capsulolabral repairs 
weakening is present in anterior inferior cap-
sule. The highest stress is imposed in external 
rotation in 90° abduction [97, 98]. Since the 
inferior glenohumeral joint capsule is under 
stress during forward flexion, flexion above 
90° is prohibited up to post-surgery third week 
and 135° degree flexion is permitted in the 
sixth week. Since, in classic open Bankart 
repairs, insertion area of subcapularis muscle 
is shifted, attention should be paid to active 
internal rotation movement at early periods 
following surgery. However, such a protection 
is not necessary as no changes are made in 
subcapularis in standard arthroscopic capsulo-
labral repairs.

 3. Selection of suitable exercises for the recov-
ered tissue: Exercise should be chosen taking 
into consideration the recovery mechanism of 
the tissue. It must be borne in mind that over-
load may harm muscles that ensures dynamic 
or active stabilisation, protects the repaired 
region [99, 100], supports joint capsule, 
increases compression stress [101, 102] and 
shows resistance to shifting in joint [103].

Understanding the necessary immobilization 
period and progression rate of joint movement: 
Absolute immobilization must be ensured by a 
shoulder sling for the first 4 weeks following 
arthroscopic capsulolabral repair. Sling should 
only be removed during exercise or while sitting 
or standing up for a short time between the weeks 
4 and 6. However, surgeon’s preference should 
also be taken into consideration for immobiliza-
tion period. Just like immobilization period, tim-
ing of the joint movement is also of importance. 
A total joint movement should be reached in 
weeks 8–12 following surgery. When we look at 
post-surgery rehabilitation phases:

Phase 1: Post-Surgery Weeks 0–6
The first 6 weeks are maximum protection 
phases. Range of joint movement shown in the 
table should not be exceeded. Attention should 
especially be paid to external rotation limits. 
Since rotator cuff muscles are not affected in 
arthroscopic stabilization, passive and active 

assistive range of joint motion exercises may 
conveniently be used at the early stages following 
surgery. Passive and active assistive exercises 
used at the early stages following rotator cuff 
repair are also suitable after these surgeries. What 
should specifically be borne in mind is to ensure 
controlled external rotation. Exercises should be 
commenced with a bar within limits while arms 
are on the side of body in order to prevent limita-
tion in external rotation. Scapular retraction exer-
cises can be commenced for controlling scapular 
movements but over-extension of the arm should 
be prevented during this exercise and this should 
be done at earlier stages without resistance or 
with lower intensities. There is no harm in 
strengthening rotator cuff muscles following 
arthroscopic stabilization, however, pain should 
be taken into consideration while prescribing 
such exercises. Submaximal isometric exercises 
are suitable in this phase with arm in neutral 
position.

Phase 2: Post-Surgery Weeks 6–12
In this phase, neuromuscular control of rotator 
cuff and scapular muscles is aimed to ensure 
within the permitted range of joint motion. Range 
of joint motion, submaximal tissue load and 
dynamic stabilization are increased in a gradual 
manner. Completion of the range of joint motion 
is aimed in all planes by 12 weeks except external 
rotation movement in 90° abduction. We already 
noted the importance of posterior capsule for 
normal arthrokinematics. In this phase, posterior 
capsule stretching exercises can be commenced.

Phase 3: Post-Surgery Weeks 12–24
In this phase, it is aimed to normalize neuromus-
cular functions through endurance, strength, and 
dynamic stability exercises. Proprioceptive exer-
cises and sport specific exercises that the patient 
is involved must absolutely be included in the 
rehabilitation programme.

 Rehabilitation Following Shoulder 
Posterior Capsulolabral Repair
A rehabilitation programme similar to anterior 
capsule repairs is implemented. However, shoul-
der sling should be in neutral or mild ER position 
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in order to reduce the stress borne on posterior 
capsule at early stages.

Rehabilitation after posterior stabilization 
surgery

• More slower.
• More restrictive.
• More careful than rehabilitation after the ante-

rior stabilization surgery.

At the same time, first 6–8 weeks excessive 
internal rotation, which could lead to increase in 
posterior capsuler laxity, must be prevented [104].

In the rehabilitation of posterior shoulder sta-
bilities, Strengthening of posterior deltoid and 
external rotators of the shoulder, that play a sig-
nificant role in posterior stability, is important.

 Rehabilitation Following SLAP Repair
Lesion formation mechanism and SLAP type are 
important when determining the rehabilitation 
programme for SLAP lesions. In general, in trac-
tion injuries that occur as a result of a trauma, 
severe and eccentric contraction that may be pos-
sible in biceps muscle should be avoided. In 
degloving occurring in glenoid labrum due to 
repetitive shoulder activities, abduction-external 
rotation of the shoulder should be limited. The 
increase of the stretching stress forming in the 
insertion area of biceps brachii’s long head on 
glenoid labrum at abduction - ER position of the 
shoulder should be borne in mind.

In postoperative SLAP rehabilitation, it is 
important to protect the recovered tissue in 
labrum, ensure increase of strength in the pain- 
free range of biceps muscle and restore of gleno-
humeral stability [105].

Treatment is conservative in general due to the 
biceps labral intersection being intact in Type 1 
and Type 3 SLAP lesions. However, in some 
cases, debridement can be conducted without 
anatomic repair on labrum. Rehabilitation differs 
in Type 2 SLAP lesions. In Type 2 tears, biceps 
muscle is separated from glenoid insertion. In 
this case, arthroscopic surgical repair is applied. 
In SLAP lesions, especially the rehabilitation of 
Type 2 tears differ since biceps-labral tissue is 

effected only in Type 2. For these reasons, biceps 
should not be loaded at earlier stages.

Following surgical repair, it is necessary to 
protect the repaired tissue during rehabilitation, 
prevent excessive stresses to be borne on these 
tissues, and especially the overload on biceps 
muscle should be prevented. Rehabilitation pro-
gramme to be implemented after surgery show 
similarities with post-Bankart repair rehabilita-
tion. Ice application is essential to suppress 
inflammation and reduces pain at postoperative 
early stages. The patient should not lift or carry an 
object with the affected side for the first 2 weeks 
following surgery and isolated biceps movements 
should be prevented. In the postoperative fourth 
week, shoulder sling can be taken off and active 
movements can be commenced within pain-free 
range of joint motion. In the sixth week, strength-
ening exercises are commenced on rotator cuff 
and periscapular muscles. Biceps brachii strength-
ening may be started with light weights between 
weeks 8 and 12. Other strengthening and proprio-
ceptive exercises are continued [106].

 Rehabilitation Following Shoulder 
Arthroplasty

 Total Shoulder Arthroplasty

In total shoulder arthroplasties, postoperative 
rehabilitation programme bears importance in 
terms of regaining the functionality of an atomic 
structure repaired with surgery. While previously 
rehabilitation programmes are initiated at later 
stages in order to preserve surgery and allow for 
the soft tissue to recover following total shoulder 
arthroplasties, recently it is aimed to begin reha-
bilitation programme at an early stage in a safely 
manner [107–109].

Postoperative rehabilitation programmes 
reported in literature generally beginning with 
passive and mild joint movements and progress 
through active and total joint movement to later 
on strengthening and endurance trainings. 
Overall rehabilitation program generally 
include three or four phases [107, 109–111]. An 
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important issue here is to be aware of the reha-
bilitation principles and goals and planning the 
program accordingly. For a good rehabilitation

• Surgical procedure should be completely 
understood.

• Surgical region should be known well ana-
tomically and biomechanically.

• Presence of a different surgery should be 
known in addition to arthroplasty.

• Recovery patterns of tissues should be under-
stood and stresses imposed on the tissue 
should be appropriate.

• Needs and requirements of the patient should 
be known and rehabilitation programme 
should be prepared accordingly.

In general, postoperative rehabilitation pro-
gramme can be compiled in four phases. 
However, there exists no sharp distinctions 
between these phases and although phases differ 
from each other through the time elapsed follow-
ing the surgery, functional conditions of the indi-
viduals are also accepted as important in 
transition between phases.

 Phase 1: Postoperative Early Stage
This stage of rehabilitation generally covers the 
first postoperative 4–6 weeks.

Objectives

• To preserve the surgery.
• To allow the soft tissue to recover.
• To control edema and inflammation.
• To preserve normal range of joint movement 

in the surrounding joints.
• To gradually increase passive joint movement.

Points to take into account

• Passive and then active moments should be 
started at the earliest possible stage in order to 
prevent adhesion formation and stimulate tis-
sue recovery [112].

• However, since new capillaries that are formed 
as a result of angiogenesis occurs at the end of 
the inflammatory period and in the beginning 

of proliferation stage are indurable, a total 
immobilization can be recommended for the 
first 7–10 days [113].

• Shoulder sling should be used for the first 
3–4 weeks, and should only be taken off dur-
ing exercises and for personal hygiene.

• In order not to expose to loads on shoulder 
anterior capsule and subscapularis muscle, an 
external rotation higher than 30° with arm 
next to the body should not be allowed.

• Abnormal shoulder extension should be 
avoided in order to protect anterior capsule 
and subscapularis muscle.

• Active shoulder movements should be 
avoided for the first 4 weeks and active inter-
nal rotation should be avoided for the first 
6 weeks.

Rehabilitation Programme

• Ice application in order to keep edema, inflam-
mation, and pain under control [114].

• Passive shoulder flexion, abduction, and pas-
sive internal rotation exercises.

• Active movements of joints in distal.
• Active assisted wand exercises commencing 

from week 4.
• Scapular mobilization while being gentle at 

early stages.
• Isometric shoulder flexion-abduction- 

extension exercises can be commenced from 
the fourth week.

• Scapular retraction exercises can be com-
menced from the fourth week in order to 
obtain scapular stabilization again.

 Phase 2: Early Strengthening Period
This generally covers the postoperative period of 
up to 6–8 weeks.

Objectives

• To gain total range of joint motion.
• Transition from passive and active assisted 

movements to active movement.
• If any, to control pain, edema, and 

inflammation.
• To correct postural defects.
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Points to take into account

• Tissues cannot be loaded abnormal stress even 
though active movement started.

• External rotation range of joint motion should 
be increased at a slower pace.

• Shoulder sling should be continued to wear at 
night even though taken off during the day.

• Active exercises should be done without caus-
ing exhaustion in shoulder.

Rehabilitation Programme

• Active shoulder exercises should be com-
menced towards all directions.

• Neuromuscular electrical stimulation should 
be applied on patients that cannot do active 
exercises.

• Isometric internal rotation exercises can be 
initiated.

• Closed kinetic chain exercises can be com-
menced by conducting load transfer on wall.

• Ice application should be continued with fre-
quency decreasing gradually.

• Postural exercises can be prescribed depend-
ing on the patient’s needs.

• Gentle stretches can be started in order to 
increase range of joint motion excluding exter-
nal rotation.

• Core stabilization exercises started.

 Phase 3: Intermediate Strengthening 
Period
This generally covers the postoperative period of 
8–12 weeks.

Objectives

• Regaining shoulder girdle dynamic stability.
• Attempting to regain neuromuscular control.
• Gradual shoulder girdle strengthening.
• Gradual return to activities of daily living.

Points to take into account

• Lifting heavy weights should be prevented.
• Sudden movements should be avoided.
• Excessive stretching of anterior capsule and 

subscapularis should be avoided.

Rehabilitation Programme

• Joint capsule stretch exercises can be started 
in order to correct joint biomechanics, and if 
necessary, to gain total range of joint motion.

• If necessary, range of joint motion exercises 
may be continued.

• Weight bearing exercise can be carried out on 
swiss ball.

• Progression through isotonic resistance exer-
cises may be carried out excluding internal 
rotation.

• By the end of this period, it is possible to 
progress through internal rotation strengthen-
ing exercises.

• Scapular stabilization exercises are continued.
• Neuromuscular coordination exercises are 

continued.
• Core stabilization exercises are continued.

 Phase 4: Advanced Strengthening 
and Home Programme Period
This covers the postoperative 12th week and 
beyond.

Objectives

• Gaining of complete upper extremity 
functionality.

• Gaining of complete shoulder and scapular 
control.

• Gradual return to recreational activities.
• Gaining maximum external rotation.
• Gaining normal rotator cuff and shoulder gir-

dle muscle strength.

Points to take into account

• Strengthening and endurance exercises should 
be increased gradually.

• Sudden movements and activities causing 
excessive loads on anterior capsule should be 
avoided.

Rehabilitation Programme

• If necessary, capsular stretching exercises can 
be continued

• Proprioceptive neuromuscular exercises for 
shoulder and scapula are continued with 
progression.
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• Rotator cuff strengthening can be commenced 
at varying degrees of shoulder joint.

• Patient may start working after post-operative 
16th week.

• Depending on the condition of the patient, 
swimming can be commenced gradually at 
week 18–20.

 Reverse Shoulder Arthroplasty

In reverse shoulder arthroplasty, rotator cuff 
muscles function is either at a minimum level or 
completely lost. In addition, biomechanical char-
acteristics are also different than normal shoul-
der structure. Because of these, post operative 
rehabilitation is different from total shoulder 
arthroplasty. Rehabilitation can be planned in 
four stages following reverse shoulder arthro-
plasty [115].

 Phase 1: Maximum Protection
This period covers the first 6 weeks.

Objectives

• To preserve surgery.
• To protect joint stability.
• To ensure gaining passive movement [115].
• To keep pain, edema, and inflammation under 

control.

Points to take into account

• At the onset of the treatment, individuals 
should be informed about the condition of the 
extremity, rehabilitation period, and 
objectives.

• Patients should use a shoulder sling that posi-
tions the arm on a scapular plane for 4 weeks 
on average and should take off the sling on 
leave for their personal hygiene and during 
exercises [116].

• In order to prevent dislocation, movements 
that load stress especially on the anterior of 
the joint and that increase the dislocation risk 
such as internal rotation, hyperextension, and 
hyperabduction should be at all times avoided 
during this period.

• At early stages, drains can be placed in patients 
in order to decrease the dislocation risk due to 
potential hematoma that may occur between 
acromion and prosthetics.

• At this stage, it is necessary to maintain pain 
and edema control.

• Active movements of surrounding joints are 
permitted.

• During this period, recovery of the soft tissue 
should be ensured. Considering the soft tissue 
healing, passive joint exercises should be com-
menced on the 7th–10th day following the sur-
gery in order to prevent the inflammatory 
process to prolong, to stimulate tissue recovery, 
and to prevent adhesion formation [117, 118].

• Active assisted exercises can be commenced 
in week 5 depending on the condition of the 
patient in order to ensure deltoid functionality 
at early stages.

• Patients with insufficient deltoid function can be 
applied neuromuscular electrical stimulation.

• When considered the range of joint motion, a 
range of motion or at least 138° should be tar-
geted although the previous studies produced 
varying data [115, 119].

Rehabilitation Programme

• An absolute immobilization is recommended 
in order to allow for soft tissue recovery for 
the first 10 days.

• A 15-min ice application is recommended 
every 2 h.

• Grade 1 mobilization techniques are imple-
mented in order to relax the surrounding soft 
tissue.

• In supine position shoulder flexion and abduc-
tion movement in scapular plane are carried 
out by a physiotherapist in order to ensure 
passive range of joint motion.

• Flexion on table and passive abduction exer-
cise on scapular plane are recommended as 
home programme 4 times a day with 10 repeat, 
between the weeks 1–4.

• Passive elevation exercise is recommended 4 
times a day with 10 repeat, on sagittal plane 
and scapular plane with a swiss ball as home 
programme from the fourth week.
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• Depending on the condition of the patient, 
wand exercises can be commenced with the 
patient lying on supine position from the fifth 
week onwards.

 Phase 2: Early Stages Strengthening 
(6–12 Weeks)
Objectives

• At this stage, transition to active assisted and 
active movements from passive moments 
should be carried out.

• Joint stability mechanics should be improved 
and strengthening exercises should be com-
menced [115].

Points to take into account

• Individuals should avoid shoulder hyper-
adduction and internal rotation while shoulder 
adduction. Range of joint motion exercises 
should continue at this phase as well.

• Active assisted rotational movements may be 
commenced on scapular plane.

• Active assisted shoulder elevation movements 
should be started and progress should be made 
towards active movement depending on the 
condition of the patient.

• Acromion stress fracture risk is present since 
active movement is initiated in deltoid muscle 
and attention should be paid in case of this [120].

• At this stage, Isometric exercises can be com-
menced and progress should be made in exer-
cises and then moved on to isotonic 
exercises.

• In addition, scapular exercises may be 
started depending on the tolerance of the 
patient in order to regain the shoulder 
kinematics.

• At this stage, joint is vulnerable to injuries 
even though active movements are com-
menced. This should be explained to the 
patient, and the patient should be informed 
that they should not carry loads despite using 
the arm in daily life is permitted, they should 
avoid sudden movements and crossing the arm 
against the body and attempting to touch their 
back is forbidden.

Rehabilitation Programme

• Ice application and exercises done with swiss 
ball continue.

• Wand exercises are commenced on foot in 
sagittal and frontal plane.

• Active assistive internal-external rotation 
exercises on scapular plane are commenced 
and then switched to active rotations.

• Depending on the tolerance of the patient, 
active arm elevations are commenced in sagit-
tal, scapular, and frontal planes.

• In order to increase active range of motion, 
elevation exercises are done in the form of 
repetitive contractions throughout the range of 
motion with the help of a stick.

• Scapular retraction exercises are commenced 
with elbow in flexion with the help of an exer-
cise band.

• Isometric exercises are conducted for the pur-
poses of strengthening in deltoid posterior 
segment.

 Phase 3: Mid Strengthening Period 
(After the 12th Week)
When the patient possesses sufficient joint move-
ment, they are able to conduct the movement 
pain-free, and when the patient is now able to do 
mildly resistant exercises, transition to the third 
phase is possible.

Objectives

• To increase the muscle strength of the 
extremity.

• To ensure shoulder girdle biomechanics regular-
ity and patient gaining their independence [115].

Points to take into account

• At this stage, progressive strengthening exer-
cises are commenced. However, exercises 
should be done with lower weights and in the 
manner of multiple repetitive movements in 
principle.

• Even though they gain their independence in 
daily life to a larger extent, patients should 
still avoid carrying heavy loads and sudden 
and straining movements.
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Rehabilitation Programme

• Scapular retraction with resistive band, active 
arm elevation, and repeated contraction exer-
cises with a stick continue.

• If the range of joint motion is not on the 
desired level, Pilates ball exercises are 
continued.

• Depending on the condition of the patient, 
resisted arm elevation exercises are com-
menced on sagittal, scapular and frontal plane.

• Active internal rotation of the arm is permitted 
with the body in sagittal plane, internal- 
external rotation exercises can be commenced 
on sagittal plane when standing up, in supine 
position with 90° abduction.

 Phase 4: Long Term Home Follow-Up 
(4 Months and Above)
When patients gained pain-free range of motion 
and total independence in daily life, after physio-
therapist and surgeon make a decision on the 
suitability of the individual in terms of function-
ality, they are prescribed home exercise pro-
gramme and follow-up starts.

Points to take into account
At this stage, the vital point the patient needs 

to know is that, although pain is not present and 
functionality is ensured, the arm that received 
prosthetics was repaired in an non-anatomical 
manner, should never be compared with the other 
healthy arm, and that they should take this into 
account in daily life.

Rehabilitation Programme

• Exercises with weights or theraband on three 
planes in order to improve strength and endur-
ance of deltoid muscle are gradually 
continued.

• In addition to scapular retraction exercises, 
push up exercises on wall can be done for 
scapular stabilization.

• Depending on the condition of the patient, 
internal-external rotation exercises with thera-
band can be prescribed.

Exam
 1. Which of the following should be avoided 

during early stages of (0–6 weeks) post- 
operative bankart repair?
 (a) Passive shoulder elevation.
 (b) Shoulder internal-eksternal rotation with 

resistive band at 0° abduction.
 (c) Scapular retraction exercise with resistive 

band.
 (d) Passive shoulder external rotation at 90° 

shoulder abduction.

 2. Which of the following is incorrect for poste-
rior shoulder instability rehabilitation 
protocol?
 (a) Rotator cuff muscles strengthening exer-

cises at the early stages.
 (b) Closed kinetic chain (push-up) exercises 

at the early stages.
 (c) Scapular retraction exercise exercises at 

the early stages.
 (d) Neuromuscular training at the early stages.

 3. Which of these should not recommended dur-
ing early stages of impingement rehabilitation?
 (a) Posterior capsule stretching exercise.
 (b) Cold-pack application.
 (c) Deltoid muscle strengthening.
 (d) Scapular retraction exercise.
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Injections

Filippo Familiari, Gazi Huri, Olimpio Galasso, 
Giorgio Gasparini, and Mahmut Nedim Doral

 Background

Although the Authors advise against an indis-
criminate use of injections at different sites of the 
shoulder, it has to be taken into account that 
injections are a powerful tool in selected cases 
and with precise indications.

Shoulder injections are used for a variety of 
conditions including osteoarthritis (OA), adhesive 
capsulitis (frozen shoulder), subacromial (SA) 
impingement, SA bursitis, rotator cuff disease, 
tenosynovitis or tendinitis of the long head of the 
biceps brachii tendon (LHBT), and labral pathol-
ogy. Corticosteroids are the most commonly used 
injection medium; but, there is increasing evi-
dence to support the use of hyaluronate (visco-
supplementation) injections for the shoulder.

Studies have demonstrated that the degree of 
pain relief and functional improvement is greater 
when the injection is documented to be in the 
intended location [1, 2]. Accordingly, accurate 
placement of the injection is desirable in per-
forming this procedure. In the glenohumeral 

(GH) joint, approaches include anterior and pos-
terior. In the (SA) space, approaches include 
anterolateral, lateral, and posterior. In the acro-
mioclavicular (AC) joint, only the superior 
approach is considered. For the LHBT, only the 
anterior approach is considered.

Moreover, studies have suggested that imag-
ing modalities such as ultrasonography (US), 
magnetic resonance (MR) arthrography, and flu-
oroscopy can be used successfully to guide injec-
tions [2–6].

 General Advice

Independently from the indication for injection, 
the site of the shoulder that has to be injected, the 
medium and the approach used, it is highly rec-
ommended (1) to follow a strict sterile technique 
and (2) that the solution should be injected out of 
the syringe only after excluding intravascular 
placement by performing drawback on the 
syringe itself.

Depending on the site of the shoulder that has 
to be injected, there are different sizes for the 
syringe and needle as well as for the injection 
medium (anesthetic or corticosteroid or both) that 
should be used [7]. The most frequently used drugs 
are anesthetics (1% lidocaine or 0.25–0.5% bupi-
vacaine) and/or corticosteroids  (betamethasone 
sodium phosphate and acetate or methylpredniso-
lone, 40 mg/mL).
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 Glenohumeral Joint

 Indications

The main indications for intra-articular injections 
are OA, adhesive capsulitis, and rheumatoid 
arthritis; although, some physicians also use 
injections during diagnostic investigation in situ-
ations of suspected labral pathology.

 Injection Technique

In the GH joint, the posterior approach avoids the 
subclavian artery, subclavian vein, and brachial 
plexus and offers the psychological advantage of 
hiding the needle completely from the patient’s 
field of view. In contrast, the anterior approach 
offers the advantage of more reproducible bone 
landmarks to help guide the injection. Essential 
landmarks to palpate before performing the injec-
tion include the humeral head, the coracoid pro-
cess, and the acromion. The joint is most easily 
accessible with the patient sitting, the patient’s 
arm resting comfortably at the side, and the 
shoulder externally rotated. A 10 mL syringe 
with a 25 gauge needle is used to inject anesthetic 
(5–7 mL) and/or corticosteroid (1–2 mL).

 Posterior Approach
The needle should be inserted 2 cm inferior to the 
posterolateral corner of the acromion and directed 
anteriorly in the direction of the coracoid process 
(Fig. 19.1).

 Anterior Approach
The needle should be placed just medial to the 
head of the humerus and 1 cm lateral to the cor-
acoid process (Fig. 19.2). The needle is directed 
posteriorly and slightly superiorly and 
laterally.

 Current Evidence

A recent systematic review [8] analyzed a total of 
220 injections through two different approaches. 
There were 73 shoulders injected through an 

anterior approach, and the average of the reported 
accuracy rates of the included studies was 40% 
(range, 27–100%). There were 147 shoulders 
injected through a posterior approach with an 
average accuracy of 85% (no range because of 
only one posterior approach study). Gadolinium 
injections and MR arthrograms for accuracy were 
used in two studies [4, 6], MR arthrography with 

Fig. 19.1 Posterior approach to the glenohumeral joint.

Fig. 19.2 Anterior approach to the glenohumeral joint.
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saline as a contrast agent in one study [5], and in 
one study [2] anteroposterior (AP) and axial 
shoulder radiographs were used to verify injec-
tion accuracy.

 Subacromial Space

 Indications

An injection is commonly performed within the 
SA space for different indications, including SA 
bursitis, rotator cuff impingement, and rotator 
cuff tendinosis; frequently local anesthetics are 
injected to differentiate antalgic impairment to 
impairment due to tendon(s) lesion.

 Injection Technique

The distal, lateral, and posterior edges of the 
acromion are palpated. The patient is in a seated 
position with the arm resting comfortably at the 
side, and distracted by gravity. A 10 mL syringe 
with a 21–22 gauge needle is used to inject anes-
thetic (5–7 mL) and/or corticosteroid (1–2 mL).

 Anterolateral Approach
The needle is initially inserted obliquely in rela-
tion to the axial plane, 1 cm inferior to the antero-
lateral corner of the acromion obliquely to the 
greater tuberosity (Fig. 19.3). When the bone is 
felt, the needle is slightly withdrawn and redi-
rected in a more horizontal plane, and advanced 
posteriorly as a downward traction applied to the 
arm to widen the SA space.

 Lateral Approach
Injection is performed just inferior to the midlat-
eral aspect of the acromion, with the needle being 
angled slightly cephalad (Fig. 19.4).

 Posterior Approach
The needle is inserted 2 cm caudal and 1 cm 
medial to the posterolateral corner of the acro-
mion, with the needle being angled approxi-
mately 45° cephalad to follow the contour of the 
posterior acromion (Fig. 19.5).

 Current Evidence

Daley et al. [8] performed a systematic review on 
281 injections performed in the SA space: 60 
injections performed with imaging (average 
accuracy: 100%; no range), and 221 injections 
performed without imaging (average accuracy: 
72%; range, 29–100%) [1, 2, 9–13]. The authors 

Fig. 19.3 Anterolateral approach to the subacromial space.

Fig. 19.4 Lateral approach to the subacromial space.
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reported a statistically significant difference 
(P < .001) in accuracy rates between imaging and 
non-imaging in the SA space, with imaging hav-
ing a higher rate of injection accuracy.

 Acromioclavicular Joint

 Indications

Local anesthetics are injected as part of the diag-
nostic workup of the source of pain about the 
shoulder girdle and corticosteroid injections as 
part of the treatment for ACJ arthritis.

 Injection Technique

Patients are placed in the supine or seated posi-
tion with the affected arm resting comfortably at 
their side. A 3–5 mL syringe with a 25 gauge 
needle is used to inject anesthetic (0.5 mL) and/
or corticosteroid (0.25–0.5 mL). To identify the 
AC joint, palpate the clavicle distally to its termi-
nation at which point a slight depression will be 
felt at the joint articulation. The needle is inserted 
from the superior and anterior approach into the 
AC joint and directed inferiorly (Fig. 19.6).

 Current Evidence

A recent systematic review [8] evaluated 220 
injections in the AC joint. There were 110 per-
formed with imaging (average accuracy: 100%; 
no range), and 110 were performed without 
imaging (average accuracy: 45%; range, 39–55%) 
[3, 14]. The authors reported a statistically sig-
nificant difference (P < .001) in accuracy rates 
between imaging and non-imaging in the AC 
joint, with imaging having a higher rate of injec-
tion accuracy.

 Long Head of the Biceps Brachii 
Tendon

 Indications

The LHBT is rarely involved without other con-
comitant shoulder pathology. Bicipital tendinitis 
generally is found along with rotator cuff tendini-
tis/SA bursitis as part of a more generalized 
shoulder impingement syndrome. These injec-
tions are needed uncommonly and often an injec-
tion is performed more logically into the SA 
space because this closer addresses the primary 
pathology.

Fig. 19.5 Posterior approach to the subacromial space. Fig. 19.6 Approach to the acromioclavicular joint.
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 Injection Technique

A 3–5 mL syringe with a 23 gauge needle is used 
to inject anesthetic (0.5 mL) and/or corticosteroid 
(0.25 mL). With the patient supine and with 
slight internal rotation of the shoulder, after the 
bicipital groove is placed at the front and identi-
fied by palpation, the needle is inserted at an 
angle of 30° and directed parallel to the groove 
(Fig. 19.7) [15].

 Current Evidence

There is lack of data on the efficacy and accuracy 
of LHBT injections. A general statement appears 
throughout the literature that caution should be 
exercised with tendon sheath injections because 
inadvertent intratendinous injections have been 
associated with tendon rupture.

Hashiuchi et al. [16] compared the accuracy of 
US-guided biceps tendon sheath injection with 
unguided injection in 30 patients who had a pri-
mary diagnosis of tenosynovitis or tendinitis of the 
LHBT, or both. US-guided injection was per-
formed in 15 shoulders and unguided injection was 
performed in 15 shoulders. Computed tomography 

imaging was performed immediately after a con-
trast agent was injected into the LHBT sheath. The 
locations of contrast seen on CT scan were classi-
fied into three types: type 1, only within the tendon 
sheath; type 2, inside the tendon, tendon sheath, 
and surrounding area; type 3, only the area outside 
the tendon sheath. US-guided injections resulted in 
86.7% type 1 and 13.3% type 2 locations. Unguided 
injections resulted in 26.7% type 1, 40.0% type 2, 
and 33.3% type 3 locations. The difference for each 
location type was significant (P < .05). The authors 
concluded that injection into the tendon sheath of 
the LHBT can be more accurately performed using 
US guidance than by the blind method.

Questions
Landmarks that need to be identified before per-

forming a shoulder injection include
 A Humeral head
 B Coracoid process
 C Posterior lateral acromion
 D Anterolateral acromion
 E A & B
 F All the above

The average reported accuracy for shoulder 
injections
 A Is higher with anterior approach
 B Is higher with posterior approach
 C Is similar regardless approach

Biceps tendon sheath injections
 A Are more accurate under U/S guidance
 B Are more accurate without U/S guidance
 C There is no difference between U/S guid-

ance or not
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Arthroscopic Positioning: Beach 
Chair Versus Lateral

Kelly G. Kilcoyne and Uma Srikumaran

 The Great Debate: Beach Chair 
Versus Lateral

The great debate amongst surgeon’s about the 
‘best’ position for shoulder arthroscopy continues. 
The surgeon’s use and preference for positioning is 
often dictated by his or her training, and also com-
monly affected by geography. Historically, sur-
geon’s who practice and or trained on the west 
coast typically use the lateral position, with those 
on the east coast preferring the beach chair posi-
tion [1, 2]. The reality is there is a mixture of sur-
geons who prefer one position over the other in 
every location, and those who use a combination of 
both. However, even the most loyal to their pre-
ferred position would agree, there are certain 
advantages and disadvantages of both the beach 
chair and lateral position for shoulder arthroscopy.

The beach chair position is often easier for 
beginning arthroscopists to orient to as the 
arthroscopic anatomy matches that of the shoul-
der when it is examined (upright). This is in con-
trast to the typical orientation of the glenoid 
being parallel to the floor in the lateral position. 
Also, positioning the acromion parallel to the 
ground allows for easier access and orientation 
for the surgeon performing procedures like sub-

acromial decompression and arthroscopic distal 
clavicle excision (Fig. 20.1). The view of the 
rotator cuff, and ease and familiarity with instru-
mentation, make beach chair a good option for 
rotator cuff repairs. Placement of anterior medial 
and superior portals can be somewhat challeng-
ing in this position as the head can block access 
and trajectory (i.e. subscapularis tears).

Just as the beach chair offers excellent visual-
ization of the rotator cuff, the lateral position 
offers a great view of the entire glenoid, capsule, 
and labrum, making it an attractive option for 
instability procedures (Figs. 20.2 and 20.3). 
Additionally, many surgeons find the lateral posi-
tion to be easier with no assistant (instruments 
can be left in place without risk of falling out or 
significant change in view).

As stated, both positions are reasonable and 
effective options for arthroscopic treatment of 
instability. The lateral position offers a more 
comprehensive and global look at the glenoid, 
labrum, and capsule. It also offers increased 
access and visualization of the posterior and infe-
rior aspects of the glenohumeral joint [3]. Many 
proponents of the lateral position for instability 
argue that it allows more titration of capsular 
stitches. However, the trajectory when drilling 
for anchors can be flatter (parallel with glenoid) 
with more tendency to skive than with beach 
chair. Additionally, if a bump is placed in the 
axilla in the beach chair position, the  glenohumeral 
space is widened affording increased access [1].
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A recent systematic review on outcomes of 
arthroscopic anterior shoulder instability com-
pared lateral versus beach chair positioning [4]. 
After reviewing 64 studies, all with a minimum 2 
year follow-up, the authors found that both 
arthroscopic methods led to a low rate of recur-
rence with excellent clinical outcomes. There 
was a statistically significant difference between 
the two with respect to instability recurrence, 
14.65 ± 8.4% in the BC group compared with 
8.5% ± 7.1% in the LD group (P = .002).

A slight disadvantage of the lateral position is 
conversion to open procedures [5]. This includes 
converting to an open bankart for example. This 
requires repositioning the patient at a minimum, 
with a frequent need to reposition and completely 
re-prep and drape. Similarly, performing an open 
sub pectoral tenodesis can be a bit inconvenient, 
requiring the nurse to deflate the bean bag and 
letting the patient into a ‘sloppy’ lateral, versus 
again re-prepping, position and draping. In con-
trast, if the patient is in the beach chair, little to no 
adjustments are needed to convert from an 
arthroscopic to open bankart, or to perform a sub 
pectoral biceps tenodesis.

While the beach chair may not offer the same 
visualization and access to the entire glenohu-
meral joint, it does not require any traction on the 
operative arm. Additionally, many anesthesia 
providers prefer its ease of access to the airway, 
and if the patient needs to be placed supine 
urgently or emergently, this is easier to accom-
plish in the beach chair compared with the lateral 
position.

Another important topic, especially in the anes-
thesia literature, is the topic of cerebral ischemia. 
It has been hypothesized that cerebral ischemic 
events could occur when the patient is sat up into 
beach chair position, under condition of controlled 
hypotension [6]. In a study assessing cerebral 
desaturation events in the beach chair and lateral 
positions, the incidence of these events was 80.3% 
in the beach chair position compared with 0% in 
the lateral group [7]. However, there is no evidence 
that cerebral desaturation events lead to any long 
term or permanent neurologic sequelae [1].

The optimal position is no doubt surgeon 
dependent. Some surgeons perform all  procedures 

in one position, while others vary position 
according to the planned procedure. The surgeon 
should decide which position, or combination, 
works best for them, creating the most reproduc-
ible and best results.

 Set-Up

Proponents of each position have claimed that 
set-up of one position is easier than the other. In 
our experience, the overall time to set the patient 
up in each position is fairly similar. Additionally, 
the key principles of positioning for safety of the 
patient, and for appropriate and efficacious per-
formance of procedure are constant regardless of 
position. Care must be taken to pad all boney 
prominences, ensure the neck is in neutral align-
ment, and the patient is securely positioned on 
the bed, in both the beach chair and lateral posi-
tion. In our practice, despite having trained resi-
dents and fellows, the primary surgeon is present 
for patient positioning to ensure it is done safely, 
appropriately, and in a timely manner.

 Beach Chair

There are several beach chair bed attachments 
available (Fig. 20.4). Most have an adjustable 
head positioner, and removable side to allow 
access to the shoulder. The head holder attach-
ment can be placed on the bed before the patient 
is transferred to the bed or after, depending on the 
design, as well as the comfort of the anesthesia 
provider. The head holder typically includes a 
foam pad or strap to be placed across the fore-
head and under the chin to hold the patients head 
and neck steady, and in a neutral position, during 
the procedure. The patient’s waist should be 
placed just above the break in the bed. Two pil-
lows, or a commercial foam block can be placed 
under the patients legs to prevent the patient from 
sliding down the table once positioned upright. 
Another option is to flex the bed to prevent slid-
ing, but the former can save time. Once the 
patient is anesthetized and secured, they are 
placed upright. Sitting the patient up until the 
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acromion is about parallel to the floor, typically 
about 70–90°, is advantageous as it makes the 
glenohumeral and subacromial anatomy repro-
ducible and identifiable.

There are several operative arm holders to 
negate the need of additional assistants. 
Additionally, it allows for placement of the shoul-
der in specific positions depending upon the pro-
cedure, and for slight distraction of the humeral 
head for instability cases, or to open up the sub-
acromial space. These pneumatic arm holders 
include the spider (Smith & Nephew, Inc.) and the 
trimano (Arthrex, Inc). Both use disposable arm 
attachments which are put on in the sterile field 
and subsequently attached to the main device 
attached to the table. Depending on the side and 
set-up of the operating room, the arm holder can 
be placed before or after the patient is transferred 
to the operating table. Some tables only allow for 
the arm positioner to be attached to the side, which 
necessitates switching the main attachment back 
and forth depending on the operative side. Tables 
that allow attachment of the holder to the back of 
the table do not need to be switched for right and 
left shoulders. The non operative arm is placed on 
a padded arm holder, ensuring the shoulder height 
is symmetric with the operative side, with no 
unnecessary traction on the extremity.

Prepping and draping are standard. There are 
commercially available beach chair drapes than 
include a clear pocket with a connection for suc-
tion. This serves as a catch for dropped instru-
ments, and more importantly a collection point 
for leaked fluid.

The surgeon and assistant (if present) will 
stand on the operative side of the patient, with the 
surgical tech and mayo stand at the patients feet. 
The mayo stand will be organized with the most 
commonly used equipment and devices. A back 
table is used for additional and less commonly 
used equipment. The tower containing the pump, 
video equipment and power is placed so the sur-
geon can see it. Monitors (ideally two) are placed 
for easy visualization by the surgeon whether the 
camera is anterior or posterior. The operative bed 
is typically turned 45–90° once positioning is 
completed. This allows complete and free access 
to the operative shoulder for the surgeon and team.

 Lateral

As stated, proponents of the lateral position 
often emphasize that time need for patient posi-
tioning is less than for beach chair [8]. However, 
there are many steps required to ensure appropri-
ate and safe lateral patient positioning. A vac-
uum bean bag or peg board can be used for 
positioning, depending on preference. It is 
placed on the table prior to patient transfer. If a 
bean bag is being used, it should end at mid or 
superior scapula to ensure the shoulder remains 
stable throughout the procedure, and allow 
appropriate access for instrumentation. If the 
anesthesia provider is comfortable intubating in 
the lateral position, the patient can position 
themselves in a comfortable lateral position and 
then anesthesia can be induced. This ensures 
there is no undo pressure or traction on the 
patients down side, and also expedites the pro-
cess of positioning. However, it does not allow 
an examination under anesthesia of the non oper-
ative shoulder, which should be taken into 
account when using this method. Alternatively, 
the patient is transferred to the table, intubated, 
and then positioned by the surgical team. Those 
in favor of the beach chair note that fewer people 
are needed to position the patient than are needed 
to roll the patient on their side, inflate bean bag 
etc. An axillary role is placed, under the non 
operative arm once the patient is on their side. 
Care should be taken to pad and slight flex the 
knee of the down leg, with specific focus to the 
peroneal nerve. One to two pillows are placed 
between the patients legs. The patient and the 
bean bag are secured to the bed with the padded 
bed strap, or tape, or a combination of both. We 
recommend placing tape as proximal as possible 
in the axilla, over a blue towel or other pad, to 
ensure the shoulder does not move too much 
during the case. If the  shoulder is not secure it 
can make viewing and instrumentation through-
out the case more challenging.

There are several commercially available lat-
eral arm positioners (Fig. 20.5). One option is a 
traction tower, the most common in our experi-
ence being the lateral arm positioner made by 
Arthex (Fig. 20.6). It is attached at the foot of the 
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bed, on the side opposite the operative arm. There 
are typically three cables that allow for traction, 
abduction and forward flexion. A 10 pound 
weight is typically used for traction. An addi-
tional 5 pound weight can be used on the abduc-
tion cable (Fig. 20.7). Alternatively, a large sterile 
bump can be used instead of attaching weight to 
the abduction cable. Both allow for excellent 
visualization and access to the entire glenoid by 
abducting the humeral head away from the gle-
noid articular surface.

Like the beach chair, there are lateral arm 
position packs that include a sterile arm sleeve, 
rope and cables to connect to the traction tower. 
Important aspects of placing this sleeve are ensur-
ing a tight arm fit with the velcro fasteners (we 
reinforce by wrapping coban), ensuring the 
sleeve is as far proximal on the arm (level of 
axilla) as possible. Additionally, the abduction 
strap is used, ensure it is placed as proximal on 
the sleeve as possible. If placed too distal may 
put undo tension on the arm without adequately 
distraction the glenohumeral joint. The arm is 
placed in approximately 10–20° of forward flex-
ion and 45–70° abduction depending on the 
procedure.

Many pneumatic beach chair positioners have 
attachments that allow for lateral positioning. 
The spider (Smith and Nephew) has available 
attachments for lateral positioning. One advan-
tage of these devices is they do not require 
weights, and allow the arm to be placed (under 
traction) anywhere in space, as is afforded when 
device is used in beach chair position.

The surgeon must have access and the ability 
to use instruments on the anterior and posterior 
aspects of the shoulder. Thus, in the lateral posi-
tion, we typically turn the bed 90° so anesthesia 
and equipment do not block or hinder access. The 
setup and positioning of the monitors and towers 
are the same as for the beach chair.

 Portal Placement

Regardless of position, it is vital to be familiar 
with various portals according to procedure, and 
proper placement. Small deviations in placement 

of portals in both positions can lead to trouble with 
access and instrumentation during procedures.

Accurate portal placement begins with mark-
ing the surface anatomy. Starting posterior, the 
posterolateral acromial edge is a relatively identi-
fiable landmark. Once palpated and marked, the 
scapular spine can be marked medially. Moving 
anterior from the posterior edge, the lateral acro-
mial edge is palpated and marked. Then the 
anterolateral acromial edge is palpated and 
marked. From there the anterior and posterior 
edge of the clavicle can be marked medially. The 
supraspinatus fossa is a palpable depression on 
the superior aspect of the shoulder that can be 
marked. The AC joint, sometimes palpable, is 
typically at or near a 45° angle from this lateral 
aspect of this fossa. Finally, anteriorly, the cora-
coid process is palpated and marked.

A standard posterolateral portal is made with 
the posterolateral acromial edge as a reference. A 
spinal needle can be used prior to introducing the 
arthroscope into the joint to insufflate. There are 
differences in the location of portals between 
beach chair and lateral positions. In the beach 
chair, the posterolateral portal is typically placed 
2 cm distal and 2 cm medial from the posterolat-
eral acromial edge. In the lateral position, this 
portal is placed more lateral, no more medial the 
1 cm from the posterolateral acromial edge. The 
tendency for new surgeons is to be too proximal 
and too medial when making portals in the lateral 
position. The subtle differences between posi-
tions, typically a little more lateral start point in 
the lateral position, are important for the surgeon 
to understand, especially if switching between 
positions according to surgical procedure.

 Complications

As outlined in the setup section, the surgeon must 
take care to safely position the patients, ensure 
the head and neck are secure and in neutral align-
ment, and that all bony prominences all well pad-
ded. This will alleviate risk of injury and resultant 
complications.

In the lateral decubitus position the patient will 
be resting on their side, with pressure possible 
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onto the brachial plexus. Placing an axillary role 
will help prevent direct pressure. Additionally, 
with weight on the down leg, the peroneal nerve is 
at risk, and must be protected and padded to avoid 
injury. Because the lateral position places the 
operative arm under traction, the brachial plexus 
is at risk for injury. The surgeon should avoid 
excess traction and used balanced suspension. 
Additionally, it has been reported that decreasing 
abduction (0°) and increasing forward flexion 
(90°) can decrease the amount of strain on the bra-
chial plexus [8, 9]. The incidence of transient 
nerve injury reported in the literature for the lat-
eral position ranges from 10 to 30% [1, 2, 5].

Neuropraxia of the injured limb is less com-
mon in the beach chair position. However, neuro-
praxia of the lesser occipital and greater auricular 
nerves and the hypoglossal nerve have been 
reported secondary to head positioning and inad-
equate padding [10, 11].

As discussed, one of the most serious poten-
tial complications in the beach chair is a com-
bined decrease in heart rate and blood pressure 
when the patient is sat upright. While there is no 
direct correlation between cerebral desaturation 
events and permanent neurologic sequelae [1], 
the potential consequences of cerebral hypoper-
fusion include neurologic impairment, stroke, 
and death [6].

The risk of pulmonary embolism (PE) and 
deep vein thrombosis (DVT) are extremely low 
after shoulder arthroscopy, although there are 
reported cases in both the lateral and beach chair 
positions [12, 13]. The majority of patients in 
these reports have risk factors and or underlying 
heritable conditions that put them at increased 
risk for post operative clot. Thus, the surgeon 
must obtain a complete history in every patient 
prior to shoulder arthroscopy, and be aware of 
and potentially recognize the clinical symptoms 
(calf pain, chest pain, scapular pain, shortness of 
breath) in the postoperative period.

Images (NEEDED).
View of glenohumeral joint: (A) Beach chair 

(B) Lateral position.
View of posterior/inferior glenoid in lateral 

position.
View of rotator cuff insertion in beach chair 

position.
Commercially available arm holders for beach 

chair. (A) Spider (Smith & Nephew, Inc), (B) 
Trimano (Arthex, Inc).

Commercially available arm lateral arm posi-
tioner (Arthrex, Inc).

Completed patient positioning in the beach 
chair position.

Completed patient positioning in the lateral 
position.

a b

Fig. 20.1 Glenohumeral joint/Superior Labrum viewed from posterior portal. (a) Beach Chair (b) Lateral
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Fig. 20.2 Posterior inferior glenoid labrum viewed from 
anterior portal – lateral

Fig. 20.3 RTC insertion from posterior portal – beach 
chair

Fig. 20.4 Beach Chair Arm Holders – (a) spider

Fig. 20.5 Lateral Arm Holder
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Questions
Match the condition with the preferred patient 

position for shoulder arthroscopy
 A Subacromial decompression
 B Rotator cuff repairs
 C Lesions to the posterior and inferior gleno-

humeral joint
 D Distal clavicle excision

 E High possibility to convert to open procedure
 F Complete labrum tear (entire labrum 

involved)
 G Beach chair
 H Lateral

Everything about lateral position for shoulder 
arthroscopy is correct except:
 A Requires traction on the operative arm
 B Associated with lower instability recurrence 

rate compared to beach chair position
 C Is suggested to be easier when operating 

without an assistant
 D Is hypothesized that predisposes more to 

cerebral ischemic events compared to 
beach chair position

Mark all landmarks that are usually marked for 
shoulder arthroscopy (select all that apply):
 A Posterolateral acromial edge
 B Lateral acromial edge
 C Anterolateral acromial edge
 D AC joint
 E Coracoid process
 F Great tuberosity
 G Lesser tuberosity
 H Supraspinatus fossa

Where is the posterolateral portal placed 
preferably?
 A At the AP projection of the posterolateral 

acromial edge and 3 cm distally
 B 2 cm distal and 2 cm medial from the pos-

terolateral acromial edge
 C 4 cm distal and 4 cm lateral from the pos-

terolateral acromial edge
 D 2 cm distal and 2 cm lateral from the pos-

terolateral acromial edge

Which of the above nerves can be injured during 
shoulder arthroscopy?
 A Axillary nerve
 B Brachial plexus
 C Peronial nerve
 D A&B
 E All the above

Fig. 20.6 Completed patient positioning Beach chair

Fig. 20.7 Completed patient positioning Lateral (head is 
right, feet left in picture)
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Anatomic Shoulder Arthroplasty

Tsvieli Oren, Atoun Ehud, and Ofer Levy

The purpose of this chapter is to explore the new 
trends and horizons of shoulder arthroplasty. It 
will begin with a brief historical view of the 
development of shoulder arthroplasty, and evolu-
tion of indications. In general shoulder arthro-
plasty can be divided into several categories; by 
constrained/non-constrained/semi-constrained; 
by humeral resurfacing, stemmed humeral com-
ponent; by hemiarthroplasty or as total shoulder 
arthroplasty with glenoid resurfacing; anatomical 
or reverse total shoulder arthroplasty; cemented 
or cementless technique.

 History of the Procedure 
and Trends of Evolution

Key Points
• Shoulder arthroplasty developed from treat-

ment of fracture-work in the USA and tumors 
in Europe. Later the use for arthritis developed 
and was primarily stemmed.

• The options are variable: resurfacing of 
humeral head, stemmed hemiarthroplasty, 
anatomical total shoulder replacement, and 
reverse total shoulder. Clinical judgement is 
needed to select the appropriate prosthesis.

• Today’s trends are moving towards bone pre-
serving (Fig. 21.1) modular prosthesis design, 
such as short or metaphyseal stems; designs 
are more anatomical.

• Unconstrained reverse prosthesis was 
designed for rotator cuff deficient shoulders.

Shoulder arthroplasty was first documented in 
1891 when Themistocles Gluck published his 
report of the proximal humeral replacement with 
an ivory component. Two years later in 1893 
Jules-Emiles Peans published his report about a 
shoulder replacement with a metal humeral com-
ponent for tuberculosis osteomyelitis. The com-
ponent had to be removed after two years due to 
persistence of the infection [1].

The stemmed cemented prostheses developed 
in Europe from tumor excision related replace-
ment and in the USA from fracture work. Initially 
neither was specifically designed for the treat-
ment of arthritis.

In the USA Neer [2–4] published his arthro-
plasty results as treatment for comminuted 
proximal humeral fractures. He first developed 
the humeral component and later added the 
plastic glenoid component. The first Neer type 
prostheses were made out of monoblock 
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stemmed humeral head. Several problems 
occurred using that design: due to limited vari-
ety of sizes often the non-flexible form of 
humeral head would overstuff the joint causing 
pain, limited abduction, flexion and rotation; 
medial glenoid wear was significant, and some-
times the components were unstable and dislo-
cated. If the center of rotation lies too superiorly 
the subscapularis and infraspinatus become 
adductors, and by so doing oppose the abduc-
tion force of the supraspinatus [5, 6]. Moreover, 
some second generation prostheses were press-
fit which gave less flexibility for correction of 
the head version. These problems in design 
changed the kinematics of the replaced shoulder 
and created imbalance and later eccentric wear 
of the glenoid and early degeneration of the 
rotator cuff. Neer set the goal for arthroplasty to 
strive to reconstruct the original anatomy of the 
glenohumeral joint. In the 1990s, the third gen-
eration of arthroplasties were developed [6, 7] 
following the work of Boileau & Walch [7] and 
Roberts [8]. These allow better accommodation 
to variable humeral head shapes, offset, version 
and inclination. Boileau and Walch [7] in their 
anatomical analysis found that the center of 

rotation of the articular head was offset posteri-
orly in relation to the humeral medullary axis, 
and in the sagittal plane it was offset medially. 
In order to find the correct version and offset the 
anatomical neck has to be defined. This is cor-
rect for stemmed arthroplasty as well as for 
resurfacing [9, 10].

In Europe in the 1950s shoulder replacement 
developed initially from the field of tumor resec-
tion surgery and the need for adequate spacers 
such as with the Stanmore shoulder arthroplasty 
[11]. The prostheses spanned over the excised 
gap of the tumor. One of the major problems was 
soft tissue deficiency following resections, or 
deficiency of the rotator cuff which caused a 
proximal migration of the humeral head. This 
was due to the unopposed deltoid muscle, and 
caused upper migration and anterior subluxation 
[10]. To prevent this subluxation the prostheses 
were initially constrained and the glenoid com-
ponent lateralized. This created forces acting 
strongly on the glenoid-component interface and 
often it loosened and failed. Later reverse 
 geometry shoulder replacement was developed to 
 harness the deltoid to abduct the arm by 
Grammont [12].

Anatomical 
neck

Humeral 
height

Acromio-
humeral

tuberosity-
humeral

Lateral 
Humeral 

offset

Fig. 21.1 The 
Copeland Humeral 
Resurfacing with 
biological glenoid 
Resurfacing (Drilling) 
preop (left) and post-op 
(right). The reference 
point for humeral size is 
the anatomical neck. 
This procedure respects 
the soft tissue as the 
rotator cuff, and is the 
reconstruction of the 
anatomy
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In 1988 Franklin and associates [13] coined 
the term “rocking horse” phenomena for loosen-
ing of the glenoid component due to the unop-
posed deltoid muscle force to pulling upwards of 
the humeral head in cases of deficient or ruptured 
rotator cuff. Neer [14] described this entity previ-
ously in 1983 and suggested a large size head 
hemiarthroplasty and attempt at repair of the rota-
tor cuff. Constrained reverse prostheses existed in 
the treatment of arthropathy of the glenohumeral 
joint but most of them failed due to lateralization 
of the center of rotation, thus creating an exagger-
ated lever arm on the glenoid causing it to loosen 
or dislocate. The fully-constrained or fixed-ful-
crum prostheses included the designs of Neer 
[15], Bickel [15], Stanmore [16], Post [17], Kessel 
[18], Kolbel [19], Fenlin [20], Buechel [21]. 
Grammont [12] published in 1993 his “Delta” 
unconstrained reverse prosthesis. He devised it to 
be a prosthesis that functions with the deltoid 
muscle only, had to be stable and incapable of dis-
location, and to eliminate the risk of loosening on 
the glenoid support. This design is nowadays the 
basis for surgical treatment for rotator cuff 
arthropathy with growing indications: massive, 
irreparable rotator cuff tears, primary treatment 
for comminuted proximal humeral fractures in the 
elderly, post extensive resection of soft tissue due 
to tumor or infection. The biomechanics of the 
Delta prosthesis led to less reaction forces on the 
glenoid due to medialization of the center of rota-
tion as well as larger diameter glenosphere with a 
smaller unconstrained humeral cup; distalizing 
the glenosphere further down the glenoid. This 
allowed for better harnessing of the deltoid as 
well as improvement of range of movement. Thus 
better function is achieved. In recent years the 
Delta III has served as the mainstream of reverse 
total shoulder. Further developments have 
occurred in the understanding of shoulder replace-
ment, since the target population is not only 
elderly, and even the elderly have higher demands 
and live longer. The understanding that revision 
surgery is likely brought about the notion of pre-
serving bonestock and short stemmed such as the 
Aequalis Ascend™ (Aequalis® Shoulder and 
Aequalis® Total Shoulder, Tornier, St. Ismier 
Cedex, France) or metaphyseal stems were 

designed such as the Verso reverse prosthesis [22] 
(Innovative Design Orthopaedics, Worcestershire 
UK); Affinis® (Mathys AG, Bettlach, Switzerland) 
[23]; TESS shoulder system (Biomet® France) 
and the Eclipse™ (Arthrex® Naples, Florida 
USA). Another new trend expressed in the Verso 
as well as the Aequalis BIO-RSA™ is mild later-
alization of the glenosphere. This change in 
design enables preventing one of the most com-
mon issues in reverse shoulder arthroplasty – 
notching. Notching is the wear of the inferior 
glenoid by the humeral component. It can cause 
particle disease, loosening and dislocation of the 
glenoid component and wear of the polyethylene 
insert. Lateralization of the glenosphere further 
enhances the deltoid muscle harnessing but with-
out dramatically increasing the joint reaction 
force on the glenoid.

 Etiology

Key Points
• Medical advancement brought higher life 

expectancy and quality demands for shoulder 
arthroplasty as a solution for different etiolo-
gies for arthritis when conservative treatment 
has been exhausted.

• Arthroplasty can be applied for primary osteo-
arthritis, inflammatory arthritis, rotator cuff 
arthropathy, humeral head avascular necrosis, 
trauma associated arthrosis and infection 
arthropathy. Conservative treatment should be 
the first option.

Average life expectancy has been improving 
during the last decades along with advances in 
medicine and medical technology. The develop-
ment of solutions for shoulder problems has led 
to patients having higher expectations from med-
ical and surgical treatment for shoulder patholo-
gies as rotator cuff tears, and various kinds of 
arthritis.

Pathologies ultimately being the indication for 
shoulder arthroplasty involve shoulder  dysfunction, 
malformation or pain. It is important to note that 
arthroplasty is not the first line of treatment and 
that conservative treatment modalities should be 
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attempted before surgery. It should be stressed that 
function of the naturally shallow glenohumeral 
articulation depends on the soft tissue around it, 
the capsule, tendons, muscles and the coordination 
between them. Therefore success of any treatment 
depends in large on rehabilitating or recreating this 
soft tissue balance.

 Osteoarthritis, Primary

This is a slow gradual degenerative process. It 
does not involve proximal migration of the 
humeral head and rotator cuff is usually pre-
served or only mildly damaged. Tightness of the 
capsule due to osteophytes may create imbalance 
of the gliding mechanism of the glenohumeral 
joint and posterior glenoid bone loss. Radiography 
usually demonstrates concentric or eccentric gle-
nohumeral arthritis with inferior osteophytes. 
Conservative treatment should focus on preserva-
tion of range of movement and pain relief. 
Physiotherapy, NSAIDs and intraarticular steroid 
injections are common treatment options.

 Inflammatory Arthritis

When discussing inflammatory arthritis it is most 
commonly rheumatoid arthritis, but also other 
kinds of inflammatory arthritis such as psoriatic 
arthritis. The rheumatoid pannus creates severe 
synovitis around the joint and dysfunction of the 
soft tissues, commonly the rotator cuff will be 
torn or dysfunctional. Patients with severe RA 
are younger population than osteoarthritis 
patients when showing up with shoulder arthritis. 
Radiography reveals osteopenia, subchondral 
bone cysts and erosions. Chronic steroid treat-
ment may worsen the osteopenia. 
Characteristically symmetric and central wear of 
the glenoid are demonstrated.

 Rotator Cuff Arthropathy

Long-standing rotator cuff tears or cuff insuffi-
ciency may cause the humeral head to migrate 
proximally. The imbalance of uncontained 

humeral head against the glenoid articular surface 
creates proximal wear. This in turn creates “ace-
tabularisation” of the subacromial area and 
pseudo-articulation. The conservative treatment 
advised is strengthening of the deltoid muscle, 
specifically the anterior part. Rotator cuff arthrop-
athy is a contraindication to anatomical shoulder 
replacement because of the proximal migration. 
The upwards directed forces on the glenoid com-
ponent cause it to dislocate prematurely or if it is 
constrained be unstable and loosen. The surgical 
solution recommended today is reverse geometry 
total shoulder replacement. In some cases where 
the glenoid bonestock is insufficient, a hemiar-
throplasty with large diameter head can be 
implanted as salvage procedure, although func-
tion is not expected to be optimal.

 Avascular Necrosis

This uncommon etiology accounts for 3% of 
shoulder arthroplasties. Known causes or associ-
ated conditions are of variable etiologies: post-
traumatic (fracture/dislocation), corticosteroid 
therapy, hemoglobinopathies, sickle cell disease, 
alcohol abuse/smoking, decompression sickness 
for divers, Gaucher disease, septic osteonecrosis, 
connective tissue disorders, hypercoagulable dis-
ease, chemotherapy, peripheral vascular disease, 
chronic dialysis, hyperlipidemia, SLE, Cushing’s 
syndrome, pregnancy, hyperuricemia, myxedema, 
radiation therapy, pancreatitis, or idiopathic. It 
usually presents with pain and radiographic 
changes that follow the Cruess classification [24] 
modification of Ficat-Arlet. [Stage I no change 
detected on radiograph, only on MRI; stage II on 
radiograph sclerosis, osteopenia; stage III cres-
cent sign, sphericity preserved, only subchondral 
bone collapse; stage IV collapse of joint surface, 
flattening; stage V involvement of the glenoid]. 
Conservative treatment includes unloading 
stresses from the shoulder joint, preservation of 
range of movement and management of pain, as 
well as treatment of underlying cause if possible. 
Salvage surgical technique before attempting 
arthroplasty, is core decompression or possibly 
vascularized strut graft. This procedure is believed 
to stimulate vascular neogenesis in the pre-collapse 
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stage. Microfractures are principally a similar idea 
but more directed at stimulating fibrocartilage on 
affected bare bone in the joint.

 Trauma Associated Arthritis

Deformation due to fracture malunion, post dislo-
cation, and post capsular shift. The imbalance of 
soft tissue creates eccentric rather than concentric 
gliding of the humeral head on the glenoid caus-
ing eccentric wear. Conservative treatment is lim-
ited to stretching of the anterior capsule and 
attempt to preserve range of movement. Fracture 
sequelae such as malunion or non- union are 
among the most debilitating causes for shoulder 
pain and dysfunction. Often there is gross defor-
mity of the humeral head creating mechanical 
blockage to movement, and some resultant mus-
cle atrophy due to lengthy immobilization of the 
joint. Treating fracture sequelae is among the 
most challenging arthroplasties due to deformity, 
nonunion of the tuberosities, and collateral dam-
age to the rotator cuff. Boileau and associates [25] 
in a multicenter study concluded that if prosthetic 
replacement is possible without an osteotomy of 
the tuberosities, surgeons should accept the dis-
torted anatomy of the proximal humerus and 
adapt the prosthesis. Long term follow-up of ana-
tomical shoulder arthroplasty by Jacobson [26] 
and associates registered good survivorship of 
prostheses as high as 90.1% at 10 and 15 years. 
Mean age was 65 (range 34–83). The conclusions 
were that anatomic shoulder arthroplasty improves 
pain and motion. Surgery is complex. Tuberosity 
osteotomies often heal. Postoperative instability 
is the most common complication leading to reop-
eration and is usually associated with rotator cuff 
and shoulder capsule injury. In the last decades 
reverse total shoulder arthroplasty for acute and 
delayed sequelae of proximal humeral fractures 
has become increasingly common, in agreement 
in the literature of being adequate for the elderly 
patients. This procedure usually requires a 
stemmed prosthesis due to bone loss or fracture at 
the surgical neck. All effort should be made to 
reconnect the tuberosities and the rotator cuff in 
order to allow range of movement and function.

 Infection Arthropathy

Infection arthropathy such as in immunocom-
promised patients presents with swelling, pain, 
redness, warm skin, limitation of shoulder 
movements. Both aspirate cultures and blood 
inflammatory markers are necessary for diagno-
sis. Treatment should be prompt to try and pre-
vent arthropathy. Multiple sick tissue 
debridement and lavage should ensue. If major 
debridement was performed and infection is 
thought to be resolved arthroplasty can be con-
sidered. Careful pre-planning of arthroplasty 
with pre-operative and intra-operative cultures 
can be planned. A bonestock sparing attitude is 
preferred. For cementation antibiotic cement 
should be used.

 Neuropathic Arthropathy

Neuropathic Arthropathy of the Shoulder, also 
named Charcot shoulder; this rare condition is 
associated with cervical syringomyelia or with 
alcohol abuse. Joints become obliterated due to 
neuropathy. Usually at young age, must be dif-
ferentiated from infection and tumor. This condi-
tion should be assessed well before deciding on 
arthroplasty because of the destructive nature of 
the disease. In real Charcot shoulders an arthrod-
esis is sometimes an option.

 Indications and Contraindications

Key Points
• Arthroplasty is indicated for pain and disabil-

ity of the shoulder which do not respond to 
conservative treatment due to arthropathy of 
the glenohumeral joint.

• In younger patients attempts to salvage by 
arthroscopic debridement, microfracture and 
rotator cuff repair should be trialed before 
decision to replace the affected joint.

• Contraindications are Charcot shoulders, 
active infection and neurologic instability. 
Relative contraindication is anatomic TSA for 
cuff deficient shoulders.
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Indications for shoulder arthroplasty are pain 
and disability resulting from arthropathy of the 
glenohumeral joint, after conservative measures 
have been exhausted. In young active patients 
arthroscopic microfracture and debridement in 
early stages should be attempted. In pre-collapse 
stages of avascular necrosis core decompression 
should be attempted. For rotator cuff tears, phys-
iotherapy and strengthening of the deltoid mus-
cles should be offered, as well as an attempt to 
repair the tear, considering even augmentation 
with synthetic graft or allograft. Shoulder insta-
bility should be surgically repaired if not turned 
yet to be arthropathy.

Contraindications include active infection, 
neurologic conditions such as paralysis local or 
central because of fear of instability. Charcot 
shoulders are rare and considered unfit for arthro-
plasty if no proprioception exists. An irreparable 
rotator cuff tear is a contraindication for glenoid 
component with the anatomical prosthesis 
because of the proximal migration of the humerus 
which asserts the pressure on the proximal part of 
the glenoid component causing it to rock 
(“Rocking horse”) and dislocate. A mega-head 
hemiarthroplasty is indicated or better, a reverse 
total shoulder arthroplasty. Contraindication to 
glenoid component is insufficient glenoid bone-
stock. In such cases a procedure of bone grafting 
can be done in one or two stages.

 Patient History and Physical 
Examination

Key Points
• Rule out extrinsic conditions affecting shoul-

der pain. Accurately diagnose shoulder pathol-
ogy before planning surgery.

• Create coordination of patient expectations 
before committing to the process.

• Utilize outcome measurement scores to moni-
tor progress.

A thorough history of the disease and precipi-
tating factors should be noted. The course of the 
pain and functional deficiency should be recorded 
and understood, as well as any previous treat-

ments; full medical background of the patient 
including medications and medical conditions. 
Anticoagulation therapy should be stopped prior 
to surgery; if necessary consultation with a fel-
low cardiologist or internist should be sought. An 
anesthesiologist examination should be per-
formed as preparation before surgery. Physical 
examination should begin by general examina-
tion, and should include any factors influencing 
the shoulder such as cervical spine conditions, 
cardiac pain affecting the shoulder, respiratory or 
abdominal findings. The shoulder examination 
should record range of movement, both active 
and passive, as well as painful range. Muscle 
power of each group of muscles should be noted. 
Muscle atrophy, scapular dyskinesia and neuro-
logical examination are necessary as well.

It is good practice to let the patient fill out-
come measurements [27] such as the Constat- 
Murley [28] shoulder score, the Simple Shoulder 
Score [29], the Oxford Score [30], the UCLA 
[31] score, DASH [32] score or the ASES [33] 
score. The outcome measurement scores are 
important for understanding the success rates, 
failure points and pitfalls.

 Imaging and diagnostic tests

Key Points
• Baseline high quality radiography is neces-

sary, along with US and MRI or CT scans.
• Rule out active inflammation or infection with 

appropriate diagnostic tests.

Normal radiography: true anteroposterior 
scapular plane and axillary views along with size 
markers for templating; Ultrasound scan or MRI 
to assess the rotator cuff integrity; Computed 
tomography or MRI to assess humeral and gle-
noid bonestock and for measurement templating, 
as well as assessment of muscular fatty degenera-
tion; joint aspiration, ESR, CRP, skin cultures 
and urinalysis, blood cultures to rule out infec-
tion; blood coagulation function, complete blood 
count and chemistry panel according to patient’s 
comorbidities, as well as chest radiographs; elec-
tromyography and nerve conduction studies in 
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case of suspected neuropathy or weakness. 
Relevant pre-operative consultations, as with car-
diology or respiratory specialists should be 
reviewed.

 Implant Choice

Key Points
• Implant choice must be tailored to the patient 

and specific patient needs. In anatomical TSA 
effort should be done to reproduce normal 
anatomy.

• Soft tissue around the shoulder is the main sta-
bilizer, and provides the range of movement. 
Soft tissue must be respected when planning 
and engaging shoulder arthroplasty.

• For primary concentric osteoarthritis the liter-
ature is in favor of TSA, but long term results 
are unequivocal since there is variety of 
implants at hand.

• Glenoid treatment can be either biological or 
artificial components. As of today glenoid 
wear is a key issue in shoulder arthroplasty.

• We recommend bone preserving non cemented 
implants to the extent possible, in order to 
respect the soft tissue and for preservation of 
bonestock for future revision.

• For rotator cuff deficient arthropathy a reverse 
total shoulder is recommended. If glenoid 
bonestock cannot sustain a baseplate then 
either bone-grafting of the glenoid or mega- 
head hemiarthroplasty can be performed.

• Arthroplasty for comminuted proximal 
humeral fractures is a challenging issue 
mainly to restore anatomy due to missing 
landmarks. Osteosynthesis of the tuberosities 
is sometimes a challenge. A stemmed prosthe-
sis is usually used.

The evolution of the debate between the indi-
cations for TSA (Total Shoulder Arthroplasty) 
and HSA (Hemiarthroplasty) dates back to the 
1970s with Neer’s [2, 34] historical indications 
for TSA: pain caused by glenoid incongruity that 
has failed to respond to nonoperative treatment in 
patients with adequate glenoid bonestock, good 
surgical risk and motivation, and no active infec-

tion, paralysis, or destruction of both the rotator 
cuff and deltoid muscles. Choices exist between 
stemmed, long and short or stemless resurfacing 
on the humeral side. On the glenoid side choices 
are to leave as is, to ream or burr asymmetric 
wear, to release capsule and drill for biological 
fibrocartilage formation, to apply different auto-
graft or allograft interpositioning biological 
resurfacing, or to resurface the glenoid with an 
implant. Glenoid implant choices are full poly-
ethylene pegged or keeled, metal backed polyeth-
ylene and various combinations of pegs or keels. 
Artificial components can either be cemented or 
cementless. It is therefore not just the simple 
choice between total shoulder arthroplasty and 
hemiarthroplasty.

Most of arthroplasty literature refers to 
stemmed humeral components. Pfhaler [35] and 
associates stated that stemmed TSA has had a 
proven superiority in chronic pathologic condi-
tions, such as primary osteoarthritis, rheumatoid 
arthritis, and fracture sequelae. On the other 
hand, it seems preferable to perform stemmed 
HSA in the treatment of osteonecrosis and insta-
bility arthritis, as well as those conditions that are 
a result of neurologic or inflammatory damage. 
These results were followed up only up to 5 years, 
in which HSA group continued to show accept-
able results. Sandow [36] in a randomized study 
of 33 shoulder arthroplasties reported better 
results with stemmed TSA in comparison with 
HSA after a decade, this included a 90% survi-
vorship in both groups.

Burkhead [37, 38], with stemmed hemiarthro-
plasty, and Copeland [9, 39–41], with humeral 
head resurfacing, trialed biological resurfacing of 
the glenoid (Fig. 21.1). Krishnan and Burkead 
[38, 42] reported that long term glenoid resurfac-
ing either with anterior capsule or with Achilles 
tendon allografts had favorable outcome. Strauss 
[43] reported inferior results with lateral menis-
cal allografts. Copeland [9] recommended that 
even when HSA was indicated, the glenoid 
should not be ignored. He recommended drilling 
the articular surface to encourage secondary for-
mation of fibrocartilage. Levy and Copeland [41] 
in a long term review of cementless humeral 
resurfacing reported of better survivorship of 
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hemiarthroplasty and biological glenoid resur-
facing. Levy [41] and associates had also shown 
in a long term study up to 25 year’s follow up of 
uncemented Copeland resurfacing arthroplasties 
that the survivorship of these prostheses with bio-
logical glenoid resurfacing was superior to the 
polyethylene and metal-backed glenoid resurfac-
ing. The study included patients younger than 
50 years old at the time of surgery. 49 patients (54 
shoulders) with various indications including 
avascular necrosis, rheumatoid arthritis, instabil-
ity arthropathy, primary osteoarthritis, fracture 
sequelae, post-infection arthritis, and psoriatic 
arthritis. 18.5% had revision surgery after more 
than 10 years. Functional outcome was favorable 
in terms of function and patient satisfaction. 
Survivorship of TSA was 71% at 14 years and 
61% at 22 years, and of HSA 91% at 14 years and 
85% at 22 years. Long-term results for humeral 
head resurfacing were published by Pritchett [44] 
who reported on 74 shoulders (41 total shoulder 
resurfacings and 33 humeral head resurfacings) 
in 61 patients. Mean age was 58 years, and fol-
low- up was longer than 20 years in all patients 
(mean, 28 years). The survival rate of the humeral 
component at the time of final follow-up was 
96%, and patient satisfaction was 95%. Of the 41 
shoulders with glenoid resurfacing, 38 shoulders 
were available for radiographic follow-up. Three 
required revision because of loosening and 12 
had radiographic evidence of loosening. Patients 
with total resurfacing fared slightly better at final 
follow-up.

Since the beginning of shoulder arthroplasty, 
much advancement has occurred with the 
humeral component. Nowadays third generation 
implants are available to mimic the humeral anat-
omy [7, 45]. Still, the glenoid poses a riddle. 
Although midterm reports are favorable, the 
development of artificial resurfacing of the gle-
noid has been less than successful in the long 
term follow up. There are reports of glenoid com-
ponent loosening and catastrophic failure of the 
glenoid component for all-polyethylene and 
metal backed [46–50]. Glenoid components have 
the tendency to have radiolucent lines, but the 
clinical significance is not always expressed by 
outcome measures and not always correlates. 

Boileau [6] and others [10] dwelled on the sub-
ject, suggesting that part of the cause is in the 
surgical technique and humeral head component 
choice. Overstuffing or under-stuffing the joint, 
humeral head and glenoid resurfacing radii mis-
match, non-anatomical version or neck-shaft 
angle are possible causes. Also Copeland [10] 
warranted the “pilot errors”. It has been shown 
[51] that approximately 30% of the unsatisfac-
tory results after shoulder replacements are due 
to humeral component malposition and, if ver-
sion is incorrect by >15°, it can lead to a painful 
shoulder. Copeland had also suggested that the 
experience and long term follow-up had demon-
strated favorable results with resurfacing hemiar-
throplasty with biological resurfacing (drilling) 
of the glenoid.

Since the early nineties resurfacing hemiar-
throplasty was not very well accepted, and most 
research was done with stemmed humeral arthro-
plasty. In 1996 Rodosky and Bigliani [52] advo-
cated arthroplasty for patients who have 
glenohumeral arthritic pain which exhausted 
conservative treatment. Glenohumeral congru-
ity, lack of active infection, exclusion of neurop-
athy, severe damage to the deltoid muscle or 
rotator cuff muscles and rehabilitation motiva-
tion were necessary criteria. Humeral hemiar-
throplasty was recommended to younger and 
active patients, in cases of either intact glenoid 
cartilage or deficient glenoid bonestock. At the 
time hemiarthroplasty was also performed for 
rotator cuff tear arthropathy with repair of the 
remnants of the rotator cuff for preservation of 
anteroposterior stability. Glenoid resurfacing 
was advocated to the majority of arthritic cases 
in which minimal glenoid wear was mostly 
found. The common glenoid resurfacing compo-
nents were all- polyethylene or metal backed 
polyethylene, cemented or press-fit, with suit-
able preparation of the glenoid. In cases of gle-
noid erosion reaming or burring the glenoid to 
achieve the correct version and in rare cases the 
glenoid erosion was bone-grafted. Secondary 
post traumatic arthritis often brings deformity of 
the tuberosities and eccentric loads on the gle-
noid, therefore not recommended glenoid 
resurfacing.
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The potential advantages of glenoid resurfac-
ing over proximal humeral replacement alone 
include a better fulcrum for improved strength 
and motion, increased stability, decreased fric-
tion, and elimination of glenoid socket pain. 
These advantages do not come without a price. 
The insertion of a glenoid component requires 
additional operating time and can result in addi-
tional blood loss. Also, the glenoid component 
has been associated with a higher incidence of 
radiolucencies and revisions. In the peer-reviewed 
literature for TSR and hemiarthroplasties, the 
overall glenoid revision rate is 3.2% compared 
with 1.8% for humeral components [52].

There are several comparative studies in the 
literature using stemmed implants. Sperling 
et al. [53] reported no significant difference in 
functional outcome between 74 shoulders 
treated with a hemiarthroplasty and 34 shoul-
ders treated with a total shoulder arthroplasty 
using the Neer prosthesis. In a follow-up report 
on the same cohort of patients with a minimum 
of 15 years follow up [54] there was no signifi-
cant difference between 29 total shoulder arthro-
plasties and 62 hemiarthroplasties with regard 
to pain relief or range of movement. The diag-
noses in this cohort of patients differed mark-
edly between the two groups with the majority 
of hemiarthroplasties performed for the sequelae 
of trauma and the majority of total shoulder 
arthroplasties performed for rheumatoid arthri-
tis. Garstman [55] in a prospective trial in which 
51 shoulders with osteoarthritis were random-
ized to be treated with either a hemiarthroplasty 
or a total shoulder arthroplasty using the 
Global™ prosthesis (DePuy, Warsaw, Indiana) 
observed better average functional scores with 
total shoulder arthroplasty but this difference 
was not significant because of the wide range of 
scores in both groups and the relatively small 
numbers in the study. Lo et al. [56] found no 
significant difference in functional outcome 
between 42 patients with osteoarthritis prospec-
tively randomized to be treated with either a 
hemiarthroplasty or a total shoulder arthroplasty 
using the Neer Series-II modular prosthesis 
(3 M Canada, London, Ontario). However their 
study had a high risk of type I error for the same 

reasons (small numbers and wide confidence 
intervals).

In an attempt to overcome the problems of 
small numbers, Bryant et al. [57] performed a 
meta-analysis of three randomized controlled tri-
als comparing hemiarthroplasty with total shoul-
der arthroplasty for the treatment of osteoarthritis. 
Fifty patients were managed with a hemiarthro-
plasty and sixty-two with a total shoulder arthro-
plasty. They reported a statistically significant 
difference of 1.5 points in the function domain of 
the UCLA shoulder score and a difference of 2.1 
points in the pain domain of the UCLA score in 
favor of total shoulder arthroplasty. However 
there was a large degree of heterogeneity among 
the studies and the authors advised caution with 
interpretation of the significance of the pain data. 
It is important to note that there is a two-point 
difference between most of the categories of the 
function domain of the UCLA score and so an 
average difference of 1.5 points is of dubious 
clinical significance.

Edwards et al. [58] reported the results of the 
multicenter study comparing hemiarthroplasty 
with total shoulder arthroplasty for the treatment 
of osteoarthritis using the Aequalis® prosthesis 
(Tournier, Montbonot, France). This study had 
the advantages of large numbers (1542 primary 
shoulder arthroplasties) and a uniform method of 
assessment of outcome. Although it was a retro-
spective study and the indication for hemiarthro-
plasty was not clearly defined at the outset, the 
large numbers allowed comparison of subgroups 
of patients in order to minimize bias. At an aver-
age follow up of 43 months, they reported a sta-
tistically significant difference of 10.3 points in 
the adjusted Constant score (p < 0.0005) in favor 
of TSA. Gain in adjusted Constant score was bet-
ter following TSA for the entire cohort and for 
the subgroup of shoulders with concentric gle-
noid morphology and for the subgroup of age, 
sex and follow-up matched shoulders. One may 
conclude that with the Aequalis® stemmed 
implant, TSA gives clinical and statistical signifi-
cantly better functional results than 
HSA. However this comes at a price. 56% of 
TSA had radiolucent lines around the glenoid 
components. The estimated survival of TSA was 
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much worse than HSA (from the diagram in the 
paper approximately 97% for HSA and 69% for 
TSA at 9 years; no figures given and no statistical 
analysis). The poor longevity of TSA was 
ascribed to the use of the metal-backed glenoid 
component which was subsequently shown to 
have an unacceptably high failure rate and its use 
was discontinued [59, 60]. However, in a follow 
up report using data from the same Aequalis mul-
ticenter group Pfahler et al. [35] found radiolu-
cent lines around 67.9% of the cemented glenoid 
implants when metal-backed components were 
excluded. 50% of these radiolucent lines were 
progressive. Although the Constant score was 
significantly better in the TSA group even with 
the presence of radiolucent lines, the difference 
between the Constant score in the TSA group and 
the Constant score in the HSA group decreased 
over time due to an adverse effect on functional 
outcome by the presence of radiolucent lines.

 Planning and Templating

Key Points
• Attempt to reconstruct anatomy in order to 

allow for correct soft tissue function.
• Use normal radiographs with calibration 

marking.
• Special attention should be given to glenoid 

asymmetric wear, humeral height, version and 
size.

The purpose is to achieve reconstruction that 
can mimic the original anatomy. This can be done 
using a true AP and an axillary view, along with 
a calibration mark. Templating has been found to 
be reliable for total shoulder arthroplasty [61]. In 
severe deformity of the humeral head the contra-
lateral shoulder can sometimes be used for siz-
ing, but with caution in order not to overstuff the 
already contracted joint. Commercial templates 
(digital or as hardware) are provided by the pros-
thesis manufacturer, to use with templating soft-
ware. It is useful to have a CT scan with three 
dimensional volumetric reconstructions in order 
to assess the glenoid structure and bonestock. 
Boileau [7] and others [62, 63] emphasized the 
importance of the shape of the glenoid in terms of 
inclination (neck shaft angle) medial and poste-
rior offset. It is important to realize the reference 
points, since an arthritic humeral head often does 
not preserve the round contour. Youderian and 
Iannotti [64] trialed inter-observer templating, 
concluding that using a circle in two plains utiliz-
ing the anatomical neck is reliable enough.

Humeral component size is appreciated by 
measuring humeral head diameter and height, the 
acromio-humeral interval, tuberosity-humeral 
interval and lateral humeral offset (Fig. 21.2).

Glenoid is assessed for version and wear 
(Fig. 21.3). The Walch [62] classification: type-
 A, concave (A1, moderate; A2, severe), type-B, 
biconcave (B1, moderate; B2, severe), and type-
 C, dysplastic (more than 25° of retroversion).

a b

Fig. 21.2 Schematic templating
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Habermeyer [63] described an additional clas-
sification for assessment of glenoid vertical wear. 
Increased glenoid version or humeral head ver-
sion have been discussed as causes of coronal 
decentralization of the humeral head in 
 osteoarthritis. He stated that this radiographic 
classification system can facilitate the decision-
making process to normalize glenoid inclination 
during glenoid replacement.

 Patient Positioning

Key Points
• Patient positioning is usually in the beach 

chair position.
• “time-out” procedure should take place to 

verify patient and preparations.

A first “time-out” should include proper iden-
tification of the patient, presentation of the work-
ing team and coordination of requirements for 
the operation; also specific relevant patient details 
should be noted such as known allergies, oper-
ated side and prophylaxis. Preoperative prophy-
lactic antibiotics should be given intravenously 
either one hour prior to surgery or at the time of 

anesthetic induction. Still, it is good practice to 
culture the glenohumeral joint during the 
approach, because of known prevalent infection 
with Propionibacterium acnes [65]. In that case 
prophylactic antibiotics should be given only 
after cultures have been taken.

It is good practice to induce both general anes-
thesia as well as an interscalene continuous block 
to allow for post-operative pain control.

Following anesthesia, he patient should be 
placed in a semi-sitting or beach chair position at 
about 45° of head-up tilt with the head on a head-
piece and the arm on a short arm board attached 
to the side of the operating table. It is important 
to have the patient close to the edge of the table 
and the short arm board to permit hyperextension 
and adduction of the arm during surgery to allow 
delivery of the humeral head into the anterior 
wound and to facilitate insertion of the humeral 
component. A sandbag should be placed under 
the scapula to stabilize and elevate it for better 
access. The patient’s head should be stabilized 
and any hair tucked away, eyes covered and pro-
tected from any antiseptic fluid while draping. 
Antiseptic preparation and draping should start at 
a high point in the neck, posteriorly to the scap-
ula, and anteriorly to the midline of the chest. 

a1

a2 b2

b1 c

Fig. 21.3 The Walch62 classification: type-A, concave (A1, moderate; A2, severe), type-B, biconcave (B1, moderate; 
B2, severe), and type-C, dysplastic (more than 25° of retroversion). Reprinted with permission from [62]
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Draping should include the arm and forearm 
which can be also covered by stockinet for free 
mobilization. Sterile drapes should overlap the 
draped borders and cover the head and body, 
leaving a curtain between the surgical field and 
the anesthetic team. A “time-out” procedure is 
necessary to confirm patient’s identity, operation, 
operated side, any known allergies and anesthesia 
before proceeding with the approach.

 Surgical Approaches

 Deltopectoral Approach

Advantages
A true anatomic inter-nervous inter-muscular 
interval between the deltoid and pectoralis major. 
Amenable to extension of the approach. Deltoid 
muscle origin is preserved. Anterior dislocation 
of the humerus improves access to the inferior 
humeral and glenoid osteophytes, and inferior 
capsule for release in tight shoulders.

Disadvantages
Division of the Subscapularis, still controversial, 
can increase the risk of instability. Difficult 
access to posterior structures, specifically the 
greater tuberosity and posterior glenoid.Possible 
tendency to place glenoid component or base-
plate anteriorly.

Approach
A 15 cm incision is made from the clavicle down 
across the tip of the coracoid and continued in a 
straight line to the anterior border of the insertion 
of the deltoid. The cephalic vein is mobilized lat-
eral in the deltopectoral groove. The vein is 
retracted laterally with the deltoid. The arm is 
abducted 40° to 60°. The clavipectoral fascia is 
incised. The subacromial space is cleared and a 
broad elevator is placed beneath the acromion as a 
retractor. At this stage improved exposure will be 
obtained by dividing the proximal 2 cm of the 
insertion of pectoralis major. The shoulder is 
flexed and externally rotated to facilitate coagula-
tion of the anterior circumflex humeral vessels. It 
is very important at this stage to insert stay sutures 

into the subscapularis muscle to control retrac-
tion. The tendon is divided 2 cm medial to the 
bicipital groove, some peel it with a fleck of bone 
from the lesser tuberosity. If the subscapularis 
appears tight it should be divided in an oblique or 
“Z” manner to allow repair with lengthening of 
the tendon. The joint capsule is then released 
anteriorly and inferiorly whilst taking care to pro-
tect the axillary nerve with a blunt elevator where 
it passes through the quadrilateral space. The gle-
nohumeral joint may now be  dislocated anteriorly 
by external rotation and extension, allowing a full 
exposure of the humeral head and neck.

 Anterosuperior Approach (Described 
by Neviaser [66] and Mackenzie [67])

Advantages
Frontal exposure of the glenoid in the anteropos-
terior plane. Preservation of the subscapularis 
tendon. Neurologic injury to brachial plexus may 
be less likely. Improved access to the posterior 
aspect of the glenoidSimplicity.

Disadvantages
Difficult approach to inferior glenoid. For reverse 
TSA difficulty positioning the baseplate inferiorly 
and distally. Requires detachment and repair of 
the anterior deltoid, therefore some risk of deltoid 
dehiscence or weakening. This approach is not 
extensile, which limits exposure of the humerus.

Approach
The skin incision extends distally in a straight 
line from just posterior to the acromioclavicular 
joint, for a distance of 9 cm. The anterior deltoid 
fibres are split for a distance of not more than 
6 cm, and a loose No. 1 stay suture is placed in 
the distal end of the split to prevent further exten-
sion and possible injury to the axillary nerve. The 
superior acromioclavicular ligament is elevated 
subperiosteally to expose the AC joint. The acro-
mial attachment of the deltoid is lifted with an 
osteo-periosteal flap to expose the anterior acro-
mion. The rotator interval is identified and longi-
tudinally incised along the line of the long head 
of biceps to identify the exact insertion of sub-
scapularis. Subscapularis is held by stay sutures 
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and disinserted. The shoulder is dislocated anteri-
orly. Long head of biceps, if intact, is dislocated 
posteriorly over the humeral head.

 Post-Operative Care

Key Points
• Post-operative care should start immediately 

following surgery.
• It is a mandatory part of the procedure and the 

patient should be aware of it and be prepared 
for it.

• As general rule early passive mobilization is 
followed by assisted range of movement, and 
after tuberosity healing strengthening and 
stretching program should continue.

• For each session co-ordination of expectation 
should take place.

 Immediate Post-Operative Care

Immediate post-operative care should include a 
sling with body-belt. Interscalene block analge-
sia is used and gradually weaned off. Wound care 
should include daily inspection, and follow-up of 
vital signs and blood count. Post-operative radi-
ography should confirm implant position and 
reveal any suspected fracture lines before 
mobilization.

 Early Rehabilitation Post-Operation

The principle is to prevent from adhesions and 
joint contracture to occur. Appropriate analgesics 
should be given prior to physiotherapy. The suc-
cess of the operation as well as rehabilitation 
depends on coordination of expectations and 
patient education in each of the treatment stages. 
It is important to set achievable goals and to build 
realistic expectations. Early passive motion is tai-
lored to the surgical repair, whether subscapularis 
detachment was carried out, or tuberosity osteot-
omy for malunion rotational movements should 
be restricted or active motion should start only 
with proof of tuberosity healing. Huges and Neer 

[68] created a three phase rehabilitation program. 
Generally, passive mobilization is recommended 
for the first 48 hours. Gentle gravity-assisted pen-
dulum exercises, passive elevation in the plane of 
the scapula as well as supine external rotation 
with a stick within defined limits are permitted 
with surgeon and therapist guidance. Elbow, 
wrist, and hand motion are also encouraged.

 Healing Phase Rehabilitation

Once the patient has been discharged from hospi-
tal proper instructions concerning home exer-
cises, use of analgesics, instruction of family 
members how to assist, and clear limits of range 
of movement must be given. At approximately 
6–8 weeks after surgery with evidence of tuber-
osity healing assisted elevation with a pulley sys-
tem and supine followed by erect isometric 
strengthening exercises are performed. Stretches 
to improve forward elevation, extension, abduc-
tion, external and internal rotation are done in 
addition to encouraging gradual use of the 
extremity in activities of daily living to promote 
strength and endurance.

 Final Healing and Functional Phase 
Physiotherapy

Approximately 3 months after the operation pro-
gressive resistive exercises with light weights or 
bands are incorporated into the daily routine 
along with more aggressive stretching to improve 
range of motion. This phase should continue for a 
year or more until final strength and range of 
movement is achieved.

 Evaluation and Follow Up

Key Points
• Clinical and radiographic follow-up should be 

consistent, detailed and thorough, and include 
outcome measures.

• Radiolucencies should be followed up closely 
to determine progress and extent.
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 Clinical Follow-Up

In the first weeks following surgery wound care 
and inspection are mandatory to make sure no 
occult infection develops. An evaluation by the 
surgeon as well as by the physiotherapist should 
take place at about 2–3 weeks post-operative, two 
to three months, six months and one year, as well 
as further follow-up if needed. Passive and active 
range of movement, as well as painful range 
should be recorded. Strength can be measured 
when applicable. Subjective patient pain, satis-
faction, and function should be noted. As men-
tioned above it is of good practice to use outcome 
measures such as the Constat-Murley [28] shoul-
der score, the Simple Shoulder Score [29], the 
Oxford Score [30], the UCLA [31] score, DASH 
[32] score or the ASES [33] score.

 Radiographic Evaluation

A radiographic evaluation at selected visits can 
include true scapular anteroposterior and axillary 
views. Scrutiny of the radiographs is necessary 
for documenting and decision making. 
Periprosthetic lucent lines or fracture lines; 
Cracks or fracture lines especially at the acro-
mion due to loading of the deltoid muscle; this is 
more prevalent in reverse geometry total shoulder 
replacement; documentation of wear signs, sub-
sidence of the components, stress shielding, 
notching, ossifications and osteophytes.

Evaluation of radiolucencies and of loosening 
have produced many classification schemes [69]. 
The importance and relevance of radiolucent 
lines (RLLs) has not yet been fully established. 
Sperling [70] defined specific 5 zones of the 
 contact interface of the pegged glenoid compo-
nent and bone in radiographs. Lucencies were 
measured by location and thickness. A glenoid 
component was “at risk” when a complete lucent 
line was present, some part of it being 1.5 mm or 
greater in width, or when at least 2 of 3 indepen-
dent observers identified migration or tilt of the 
component. Mole [71] described a classification 
for keeled glenoid radiolucent lines using 6 zones 
around the cemented keel with 3 grades of lucen-

cies. Multiplication of the number of lucent zones 
by the lucency grade produces a maximum score 
of 18, when 12 indicated loosening. Franklin [13] 
published a classification of radiolucent lines 
considering also the translation or dislocation of 
the glenoid component. Wilde [72] described a 
classification for assessment of radiolucency 
around the keel using axillary views: zone 1 is the 
interface of subchondral bone with the collar of 
the prosthesis, zone 2 is radiolucent lines in the 
lateral (superficial) part of the glenoid keel, and 
zone 3 is the medial (deeper) part of the interface 
of the keel with the subchondral bone. Lazarus 
[73] compared pegged and keeled glenoid com-
ponents. He used Franklin’s [13] classification 
for the keeled glenoid components and created a 
modification for pegged components. He con-
cluded that radiolucencies and incomplete com-
ponent seating occur more frequently in 
association with keeled components compared 
with pegged components. Mileti [74] and associ-
ates used a similar zonal representation of radio-
lucencies around the glenoid and the humeral 
components. They also stated that the glenoid 
component in total shoulder arthroplasty has 
been the focus of most radiographic scrutiny in 
the radiographic analysis of total shoulder 
arthroplasty.

 Arthroplasty for Fractures

Key Points
• Arthroplasty for comminuted proximal 

humeral fractures is a challenging issue 
mainly to restore anatomy due to missing 
landmarks.

• Osteosynthesis of the tuberosities is some-
times a challenge.

• A stemmed prosthesis is usually used.

Boileau [25, 75] noted that hemiarthroplasty 
for fractures yielded unpredictable results. From 
sixty six consecutive patients 27% had initial 
tuberosity malposition, detachment and migra-
tion of the tuberosities was noticed in 23%; alto-
gether 50% had malposition of tuberosities 
which correlated with subjective unsatisfactory 
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results. His conclusion was that functional 
results after hemiarthroplasty for 3- and 4-part 
proximal humeral fractures appear to be directly 
associated with tuberosity osteosynthesis. 
Correctly establishing the height and retrover-
sion of the humeral prosthesis is difficult in frac-
ture cases because, except in rare cases, the 
proximal anatomic landmarks have disappeared 
as a result of bone loss. Lengthening of the 
humerus due to proud prosthesis caused the 
tuberosities to proximally migrate shortening the 
lever arm, causing failure in elevation and abduc-
tion. Shortening of the humerus was better toler-
ated clinically. In a later publication concerning 
management of fracture sequelae Boileau [25] 
recommends avoiding tuberosity osteotomy 
even in the price of accepting deformity. Mighell 
[76] noted also that the fracture pattern, type of 
implant, presence of neurologic injury, and 
patient’s age and sex do not seem to affect out-
come to the extent that timing of surgery and, 
most importantly, quality of tuberosity recon-
struction do. Elderly people were a risk factor 
for failure of hemiarthroplasty and the trend 
today is moving towards offering reverse total 
shoulder arthroplasty for acute comminuted 
proximal humeral fractures in the elderly [77].

 Conversion of Anatomic Shoulder 
Arthroplasty to Reverse Total 
Shoulder Arthroplasty

Key Points
• Revision is always an imminent option after 

arthroplasty.
• For elderly patients failed TSA or hemiarthro-

plasty can be converted to reverse total shoul-
der arthroplasty in the presence of massive or 
irreparable rotator cuff tear.

• This conversion created limb lengthening and 
sometimes tensioning or overtrmof the 
deltoid.

The frequency of total shoulder arthroplasty is 
constantly increasing. This increases revisions 
because of stem or glenoid component loosening, 
infection, instability or glenoid subsidence. 

Significant rotator cuff lesions necessitate reverse 
shoulder arthroplasty sometimes with bone 
reconstruction, which is a demanding procedure.

Reverse shoulder arthroplasty can be an effica-
cious salvage procedure in the management of 
failed arthroplasty due to rotator cuff-related insta-
bility or bone defects, or both [78]. Kiet [79] in a 
comparison between stemmed anatomical shoul-
der arthroplasty and reverse total shoulder replace-
ment the two groups were similar in complication 
rate, pain and satisfaction scores, and most of 
ranges of movement except for greater external 
rotation in the anatomical arthroplasty group.

Recently new modular systems attempt to 
anticipate and minimize the intervention scale for 
revision, by allowing retention of the humeral 
stem or the glenoid baseplate, and by replacing 
only the hemisphere and inserts. Concerns are for 
limb lengthening and soft tissue imbalance due to 
overstuffing of the joint and over-tensioning the 
deltoid muscle. These might lead to pain and 
wear of the arthroplasty. Modular systems are 
constantly improving in effort to reduce these 
risks. Not always modular system can accommo-
date for surgeon’s errors such as placing the 
humeral stem too proud or with the wrong ver-
sion. Kany [80] reported good outcome with 
modular system still 25% of humeral stems had 
to be removed. Within these limits the literature 
finds that short and midterm results are on the 
positive side [81–84]. Yet limb lengthening is one 
concern but its clinical relevance is not entirely 
clear, and long term follow-up is still warranted. 
Teschner [83] experimented with six different 
modular systems by six manufacturers (DePuy 
Global Unite, Exactech™, Implantcast™, 
Mathys, Tornier and Zimmer). He measured the 
difference in height and offset when converting 
from hemiarthroplasty to reverse total shoulder 
arthroplasty. Results showed variable arm  
lengthening (smallest 11.6 ± 3.3 mm largest 
33 ± 5.3 mm) and offsets (least of 1.5 ± 5.7 mm 
and most −21.7 ± 3.7 mm) with the Implantcast™ 
showing the least change in those parameters. 
Another solution offered by Matsoukis [85] is a 
custom adaptor to the well-fixed humeral stem in 
case of an older pre-modular type implant. Still, 
this was presented as a case report.
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Another attitude is bonestock sparing strate-
gies and implants. Humeral head resurfacing and 
metaphyseal implants can allow more revision 
options and are more anatomic. The Copeland 
humeral resurfacing is designed to cover an 
arthritic humeral head with minimal bone 
removal. Long term results [41] with this pros-
thesis and biological glenoid resurfacing in 
patients younger than 50 are satisfying with sur-
vivorship for hemiarthroplasty with biological 
glenoid resurfacing at 97% at 5 years, 97% at 
11 years, 91% at 14 years, and 85% at 22 years. 
The estimated revision-free survival rate for 
cementless Copeland resurfacing total shoulder 
arthroplasty (TSA) was 100% at 5 years, 71% at 
11 years, 71% at 14 years, and 61% at 22 years.

 Outcome Predictors, Complication 
Rates and Risk Factors of Shoulder 
Arthroplasty

Key Points
• Main risk factors are obesity and young age
• Outcome is usually acceptable and shoulder 

arthroplasty is generally successful.
• The main complication is loosening

Singh [86], in an analysis of 1413 shoulders 
concluded that risk factors for TSR are obesity 
and young age. Aldinger [87] analyzed a pro-
spective database of available 485 shoulder 
replacements including stemmed cemented and 
non-cemented hemiarthroplasties, humeral head 
resurfacing, cemented stemmed anatomical total 
shoulder arthroplasty for fractures and for arthri-
tis, bipolar cemented stemmed humeral head, and 
cemented stemmed reverse total shoulder arthro-
plasty. Complications were classified into three 
categories: temporary complications not requir-
ing intervention such as temporary nerve palsy, 
temporary dislocation, and cracks or fractures of 
humerus or glenoid; Soft tissue complications 
requiring soft tissue revision such as biceps ten-
donitis, recurrent dislocations, wound infection 
and joint contractures; Complications with 
implant revisions such as component malposi-
tion, painful glenoid erosion, loosening and deep 

infection. An overall complication rate of 11.6% 
was noted, of which 7% occurred in 1st category, 
2.3% at the second category and 2.3% in the third 
category. For a median follow-up of 1.6 years 
(range 1–10) the survivorship rate was 90.5%, 
and patient satisfaction rate s were mostly posi-
tive. Bohsali [88] reviewed the literature of 
shoulder arthroplasty and found that complica-
tion rate was highly variable from 0% to 62%, 
mean range between 10% and 16%. The compli-
cation categories included component loosening, 
instability, periprosthetic fractures intra and post- 
operative, rotator cuff tears, neural injury, infec-
tion and deltoid detachment. Sperling [89] 
reviewed the literature and described shoulder 
arthroplasty complications: periprosthetic frac-
tures 1.6–2.3%; Infection 0–4%; Instability with 
anatomic shoulder replacement – Anterior 0.9–
1.8%, Posterior 1–1.3%; Instability with reverse 
total shoulder arthroplasty; Rotator cuff tears 
1.3–7.8% specifically relating to the postero- 
superior corner of the rotator cuff; Glenoid com-
ponent loosening – although radiological lucent 
line are reported in 39% only 8% require revi-
sions. In both primary and revisions tissue cul-
tures must be obtained and specifically culture 
for Propionibacterium acnes. Levy [65] and asso-
ciates cultured 41.8% positive Propionibacterium 
acnes in primary joint replacement.

 Future Outlook

Shoulder arthroplasty is still evolving and the 
learning curve is steep, there is much to be 
explored. Glenoid treatment in shoulder arthro-
plasty is still controversial. Glenoid resurfacing 
has not yet been optimized and radiolucencies, 
loosening, wear and dislocation are still imminent 
issues. Copeland [10] said that “long-term gle-
noid loosening is a problem, and better materials 
and designs for the glenoid are required. There is 
no doubt that we have come a long way, and we 
are only just possibly reaching the surface”. In 
general, our research should continue also to 
endeavor the more biological options such as opti-
mizing biological resurfacing for better long term 
results. Since our candidates for arthroplasty are 
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becoming younger we should seek to establish 
long lasting prosthetic designs, but keeping in 
mind that revision is inevitable, thus striving to 
use bone preserving techniques and designs, such 
as short or metaphyseal humeral stems, and using 
bone impaction techniques for prosthesis pur-
chase rather than cement. Reverse total shoulder 
arthroplasty design is in extensive development, 
for more indications and for younger candidates. 
We are beginning to understand how to optimize 
the mechanics and materials. Shifting medially 
and distally of the glenosphere by Paul Grammont 
[12] were the first steps. Now we understand that 
some lateralization is necessary to achieve better 
range of movement, less notching and optimal 
deltoid muscle tensioning such as with the Verso 
reverse total shoulder and the BIO-RSA, what 
will be our next understanding?

Questions
Which of the following statements is correct?

 A. Anatomical shoulder replacement is contrain-
dicated in inflammatory arthropathy due to 
osteopenia

 B. Reverse shoulder replacement is contraindi-
cated in rotator cuff pathology due to proxi-
mal humeral migration

 C. Anatomical shoulder replacement is contrain-
dicated in rotator cuff pathology due to proxi-
mal humeral migration

 D. Reverse shoulder replacement is preferred 
over anatomical shoulder replacement for 
Charcot shoulder joint

What is the most common complication that 
necessitates reoperation in shoulder arthro-
plasty for post-traumatic arthritis?

 A. Infection
 B. Avascular necrosis
 C. Postoperative instability
 D. Axillary nerve injury

Advantages of glenoid resurfacing over proximal 
humeral replacement are:

 A. Better stability
 B. Less operative time
 C. Better strength
 D. Minimal blood loss
 E. Smaller revision rate for the glenoid 

component
 F. Better range of motion,
 G. Minimal glenoid socket pain
 H. A & C & D & F
 I. A & C & F & G
 J. A & B & E & G

References

 1. Bankes MJ, Emery RJ. Pioneers of shoulder replace-
ment: Themistocles Gluck and Jules Emile Pean. 
J Shoulder Elb Surg. 1995;4(4):259–62.

 2. Neer II CS. Replacement arthroplasty for glenohu-
meral osteoarthritis. J Bone Joint Surg Am. 
1974;56(1):1–13.

 3. Neer II CS. Articular replacement for the humeral 
head. J Bone Joint Surg Am. 1955;37-a(2):215.

 4. Neer II CS. Follow-up notes on articles previously 
published in the journal: articular replacement for the 
humeral head. J Bone Joint Surg Am. 
1964;46:1607–10.

 5. Nyffeler RW, Sheikh R, Jacob HA, Gerber 
C. Influence of humeral prosthesis height on biome-
chanics of glenohumeral abduction. An in vitro study. 
J Bone Joint Surg Am. 2004;86-a(3):575–80.

 6. Boileau P, Sinnerton RJ, Chuinard C, Walch 
G. Arthroplasty of the shoulder. J Bone Joint Surg Br. 
2006;88(5):562–75.

 7. Boileau P, Walch G. The three-dimensional geometry 
of the proximal humerus. Implications for surgical 
technique and prosthetic design. J Bone Joint Surg Br. 
1997;79(5):857–65.

 8. Roberts SN, Foley AP, Swallow HM, Wallace WA, 
Coughlan DP. The geometry of the humeral head and 
the design of prostheses. J Bone Joint Surg Br. 
1991;73(4):647–50.

 9. Copeland SA, Levy O, Brownlow HC. Resurfacing 
arthroplasty of the shoulder. Tech Should Elb Surg. 
2003;4(4):199–210.

 10. Copeland S. The continuing development of shoulder 
replacement: “reaching the surface”. J Bone Joint 
Surg Am. 2006;88(4):900–5.

21 Anatomic Shoulder Arthroplasty



290

 11. Lettin AW, Copeland SA, Scales JT. The Stanmore 
total shoulder replacement. J Bone Joint Surg Br. 
1982;64(1):47–51.

 12. Grammont PM, Baulot E. Delta shoulder prosthesis for 
rotator cuff rupture. Orthopedics. 1993;16(1):65–8.

 13. Franklin JL, Barrett WP, Jackins SE, Matsen 
FA. Glenoid loosening in total shoulder arthroplasty. 
Association with rotator cuff deficiency. J Arthroplast. 
1988;3(1):39–46.

 14. Neer CS, Craig EV, Fukuda H. Cuff-tear arthropathy. 
J Bone Joint Surg Am. 1983;65(9):1232–44.

 15. Flatow EL, Harrison AK. A history of reverse total 
shoulder arthroplasty. Clin Orthop Relat Res. 
2011;469(9):2432–9.

 16. Coughlin MJ, Morris JM, West WF. The semicon-
strained total shoulder arthroplasty. J Bone Joint Surg 
Am. 1979;61(4):574–81.

 17. Post M, Jablon M, Miller H, Singh M. Constrained 
total shoulder joint replacement: a critical review. 
Clin Orthop Relat Res. 1979;144:135–50.

 18. Kessel L, Bayley I. Prosthetic replacement of shoul-
der joint: preliminary communication. J R Soc Med. 
1979;72(10):748–52.

 19. Kolbel R, Friedebold G. Shoulder joint replacement. 
Arch Orthop Unfallchir. 1973;76(1):31–9.

 20. Fenlin Jr JM. Total glenohumeral joint replacement. 
Orthop Clin North Am. 1975;6(2):565–83.

 21. Buechel FF, Pappas MJ, DePalma AF. “Floating- 
socket” total shoulder replacement: anatomical, bio-
mechanical, and surgical rationale. J Biomed Mater 
Res. 1978;12(1):89–114.

 22. Atoun E, Funk L, Copland SA, Even T, Levy O, Rath 
E. The effect of shoulder manipulation on rotator cuff 
integrity. Acta Orthop Belg. 2013;79(3):255–9.

 23. Bell SN, Coghlan JA. Short stem shoulder replace-
ment. Int J Shoulder Surg. 2014;8(3):72–5.

 24. Cruess RL. The current status of avascular necrosis of 
the femoral head. Clin Orthop Relat Res. 
1978;131:309–11.

 25. Boileau P, Trojani C, Walch G, Krishnan SG, Romeo 
A, Sinnerton R. Shoulder arthroplasty for the treat-
ment of the sequelae of fractures of the proximal 
humerus. J Shoulder Elb Surg. 2001;10(4):299–308.

 26. Jacobson JA, Duquin TR, Sanchez-Sotelo J, Schleck 
CD, Sperling JW, Cofield RH. Anatomic shoulder 
arthroplasty for treatment of proximal humerus mal-
unions. J Shoulder Elb Surg. 2014;23(8):1232–9.

 27. Kirkley A, Griffin S, Dainty K. Scoring systems for 
the functional assessment of the shoulder. Arthroscopy. 
2003;19(10):1109–20.

 28. Constant CR, Murley AH. A clinical method of func-
tional assessment of the shoulder. Clin Orthop Relat 
Res. 1987;214:160–4.

 29. Godfrey J, Hamman R, Lowenstein S, Briggs K, 
Kocher M. Reliability, validity, and responsiveness of 
the simple shoulder test: psychometric properties by 
age and injury type. J Shoulder Elb Surg. 
2007;16(3):260–7.

 30. Dawson J, Fitzpatrick R, Carr A. Questionnaire on the 
perceptions of patients about shoulder surgery. J Bone 
Joint Surg Br. 1996;78(4):593–600.

 31. Amstutz HC, Sew Hoy AL, Clarke IC. UCLA ana-
tomic total shoulder arthroplasty. Clin Orthop Relat 
Res. 1981;155:7–20.

 32. Kennedy CA, Beaton DE, Solway S, McConnell S, 
Bombardier C. Disabilities of the Arm, Shoulder and 
Hand (DASH). The DASH and QuickDASH 
Outcome Measure User’s Manual 2011. http://dash.
iwh.on.ca/

 33. Richards RR, An KN, Bigliani LU, et al. A standard-
ized method for the assessment of shoulder function. 
J Shoulder Elb Surg. 1994;3(6):347–52.

 34. Neer II CS, Watson KC, Stanton FJ. Recent experi-
ence in total shoulder replacement. J Bone Joint Surg 
Am. 1982;64(3):319–37.

 35. Pfahler M, Jena F, Neyton L, Sirveaux F, Mole 
D. Hemiarthroplasty versus total shoulder prosthesis: 
results of cemented glenoid components. J Shoulder 
Elb Surg. 2006;15(2):154–63.

 36. Sandow MJ, David H, Bentall SJ. Hemiarthroplasty 
vs total shoulder replacement for rotator cuff intact 
osteoarthritis: how do they fare after a decade? 
J Shoulder Elb Surg. 2013;22(7):877–85.

 37. Burkhead Jr WZ, Hutton KS. Biologic resurfacing of 
the glenoid with hemiarthroplasty of the shoulder. 
J Shoulder Elb Surg. 1995;4(4):263–70.

 38. Krishnan SG, Reineck JR, Nowinski RJ, Harrison D, 
Burkhead WZ. Humeral hemiarthroplasty with bio-
logic resurfacing of the glenoid for glenohumeral 
arthritis. Surgical technique. J Bone Joint Surg Am. 
2008;90(Suppl 2 Pt 1):9–19.

 39. Levy O, Copeland SA. Cementless surface replace-
ment arthroplasty of the shoulder. 5- to 10-year results 
with the Copeland mark-2 prosthesis. J Bone Joint 
Surg Br. 2001;83(2):213–21.

 40. Levy O, Copeland SA. Cementless surface replace-
ment arthroplasty (Copeland CSRA) for osteoarthritis 
of the shoulder. J Shoulder Elb Surg. 
2004;13(3):266–71.

 41. Levy O, Tsvieli O, Merchant J, et al. Surface replace-
ment arthroplasty for glenohumeral arthropathy in 
patients aged younger than fifty years: results after a 
minimum ten-year follow-up. J Shoulder Elb Surg. 
2015;24(7):1049–60.

 42. Krishnan SG, Nowinski RJ, Harrison D, Burkhead 
WZ. Humeral hemiarthroplasty with biologic resur-
facing of the glenoid for glenohumeral arthritis. Two 
to fifteen-year outcomes. J Bone Joint Surg Am. 
2007;89(4):727–34.

 43. Strauss EJ, Verma NN, Salata MJ, et al. The high fail-
ure rate of biologic resurfacing of the glenoid in 
young patients with glenohumeral arthritis. J Shoulder 
Elb Surg. 2014;23(3):409–19.

 44. Pritchett JW. Long-term results and patient satisfac-
tion after shoulder resurfacing. J Shoulder Elb Surg. 
2011;20(5):771–7.

T. Oren et al.

http://dash.iwh.on.ca
http://dash.iwh.on.ca


291

 45. Walch G, Boileau P, Noel E. Shoulder arthroplasty: 
evolving techniques and indications. Joint Bone 
Spine. 2010;77(6):501–5.

 46. Papadonikolakis A, Matsen III. FA. Metal-backed 
glenoid components have a higher rate of failure and 
fail by different modes in comparison with all- 
polyethylene components: a systematic review. 
J Bone Joint Surg Am. 2014;96(12):1041–7.

 47. Skirving AP. Total shoulder arthroplasty—current 
problems and possible solutions. J Orthop Sci. 
1999;4(1):42–53.

 48. Feldman AY, Bunker TD. Rotational dissociation of 
glenoid components in a total shoulder prosthesis: an 
indication that sagittal torque forces may be important 
in glenoid component design. J Shoulder Elb Surg. 
1999;8(3):279–80.

 49. Levy O, Copeland SA. Rotational dissociation of gle-
noid components in a total shoulder prosthesis: an 
indication that sagittal torque forces may be important 
in glenoid component design. J Shoulder Elb Surg. 
2001;10:197.

 50. Burkhead Jr WZ, Krishnan SG, Lin KC. Biologic 
resurfacing of the arthritic glenohumeral joint: histori-
cal review and current applications. J Shoulder Elb 
Surg. 2007;16(5 Suppl):S248–53.

 51. Hasan SS, Leith JM, Campbell B, Kapil R, Smith KL, 
Matsen III. FA. Characteristics of unsatisfactory 
shoulder arthroplasties. J Shoulder Elb Surg. 
2002;11(5):431–41.

 52. Rodosky MW, Bigliani LU. Indications for glenoid 
resurfacing in shoulder arthroplasty. J Shoulder Elb 
Surg. 1996;5(3):231–48.

 53. Sperling JW, Cofield RH, Rowland CM. Neer hemiar-
throplasty and Neer total shoulder arthroplasty in 
patients fifty years old or less. Long-term results. 
J Bone Joint Surg Am. 1998;80(4):464–73.

 54. Sperling JW, Cofield RH, Rowland CM. Minimum 
fifteen-year follow-up of Neer hemiarthroplasty and 
total shoulder arthroplasty in patients aged fifty years 
or younger. J Shoulder Elb Surg. 2004;13(6):604–13.

 55. Gartsman GM, Roddey TS, Hammerman 
SM. Shoulder arthroplasty with or without resurfac-
ing of the glenoid in patients who have osteoarthritis. 
J Bone Joint Surg Am. 2000;82(1):26–34.

 56. Lo IK, Litchfield RB, Griffin S, Faber K, Patterson 
SD, Kirkley A. Quality-of-life outcome following 
hemiarthroplasty or total shoulder arthroplasty in 
patients with osteoarthritis. A prospective, randomized 
trial. J Bone Joint Surg Am. 2005;87(10):2178–85.

 57. Bryant D, Litchfield R, Sandow M, Gartsman GM, 
Guyatt G, Kirkley A. A comparison of pain, strength, 
range of motion, and functional outcomes after hemi-
arthroplasty and total shoulder arthroplasty in patients 
with osteoarthritis of the shoulder. A systematic 
review and meta-analysis. J Bone Joint Surg Am. 
2005;87(9):1947–56.

 58. Edwards TB, Kadakia NR, Boulahia A, et al. A 
 comparison of hemiarthroplasty and total shoulder 
arthroplasty in the treatment of primary glenohumeral 
osteoarthritis: results of a multicenter study. 
J Shoulder Elb Surg. 2003;12(3):207–13.

 59. Boileau P, Avidor C, Krishnan SG, Walch G, Kempf 
JF, Mole D. Cemented polyethylene versus unce-
mented metal-backed glenoid components in total 
shoulder arthroplasty: a prospective, double-blind, 
randomized study. J Shoulder Elb Surg. 
2002;11(4):351–9.

 60. Boileau P, Moineau G, Morin-Salvo N, et al. Metal- 
backed glenoid implant with polyethylene insert is not 
a viable long-term therapeutic option. J Shoulder Elb 
Surg. 2015;24(10):1534–43.

 61. Buzzell JE, Lutton DM, Shyr Y, Neviaser RJ, Lee 
DH. Reliability and accuracy of templating the proxi-
mal humeral component for shoulder arthroplasty. 
J Shoulder Elb Surg. 2009;18(5):728–33.

 62. Walch G, Badet R, Boulahia A, Khoury A. Morphologic 
study of the glenoid in primary glenohumeral osteoar-
thritis. J Arthroplast. 1999;14(6):756–60.

 63. Habermeyer P, Magosch P, Luz V, Lichtenberg 
S. Three-dimensional glenoid deformity in patients 
with osteoarthritis: a radiographic analysis. J Bone 
Joint Surg Am. 2006;88(6):1301–7.

 64. Youderian AR, Ricchetti ET, Drews M, Iannotti 
JP. Determination of humeral head size in anatomic 
shoulder replacement for glenohumeral osteoarthritis. 
J Shoulder Elb Surg. 2014;23(7):955–63.

 65. Levy O, Iyer S, Atoun E, et al. Propionibacterium acnes: 
an underestimated etiology in the pathogenesis of osteo-
arthritis? J Shoulder Elb Surg. 2013;22(4):505–11.

 66. Neviaser JS. Surgical approaches to the shoulder. Clin 
Orthop Relat Res. 1973;91:34–40.

 67. Mackenzie D. The antero-superior exposure for total 
shoulder replacement. Orthop Traumatol. 
1993;2(2):71–7.

 68. Hughes M, Neer II. CS. Glenohumeral joint replace-
ment and postoperative rehabilitation. Phys Ther. 
1975;55(8):850–8.

 69. Jean K. Classifications of glenoid dysplasia, glenoid 
bone loss and glenoid loosening: a review of the lit-
erature. Eur J Orthop Surg Traumatol. 
2013;23(3):301–10.

 70. Sperling JW, Cofield RH, O'Driscoll SW, Torchia 
ME, Rowland CM. Radiographic assessment of 
ingrowth total shoulder arthroplasty. J Shoulder Elb 
Surg. 2000;9(6):507–13.

 71. Molé D, Roche O, Riand N, Lévigne C, Walch 
G. Cemented glenoid component: results in osteoar-
thritis and rheumatoidarthritis. In: Walch G, Boileau 
P, editors. Shoulder arthroplasty. Berlin: Springer; 
1999. p. 163–71.

 72. Wilde AH, Borden LS, Brems JJ. Experience with 
Neer total shoulder replacement. In: Bateman JE, 
Welsh RP, editors. Surgery of the shoulder. 
Philadelphia: B.C. Decker; 1984. p. 224–8.

 73. Lazarus MD, Jensen KL, Southworth C, Matsen 
III. FA. The radiographic evaluation of keeled and 
pegged glenoid component insertion. J Bone Joint 
Surg Am. 2002;84-a(7):1174–82.

 74. Mileti J, Boardman III ND, Sperling JW, et al. 
Radiographic analysis of polyethylene glenoid com-
ponents using modern cementing techniques. 
J Shoulder Elb Surg. 2004;13(5):492–8.

21 Anatomic Shoulder Arthroplasty



292

 75. Boileau P, Krishnan SG, Tinsi L, Walch G, Coste JS, 
Mole D. Tuberosity malposition and migration: rea-
sons for poor outcomes after hemiarthroplasty for dis-
placed fractures of the proximal humerus. J Shoulder 
Elb Surg. 2002;11(5):401–12.

 76. Mighell MA, Kolm GP, Collinge CA, Frankle 
MA. Outcomes of hemiarthroplasty for fractures of 
the proximal humerus. J Shoulder Elb Surg. 
2003;12(6):569–77.

 77. Routman HD. Indications, technique, and pitfalls of 
reverse total shoulder arthroplasty for proximal 
humerus fractures. Bull Hosp Jt Dis (2013). 
2013;71(Suppl 2):64–7.

 78. Kelly II JD, Zhao JX, Hobgood ER, Norris 
TR. Clinical results of revision shoulder arthroplasty 
using the reverse prosthesis. J Shoulder Elb Surg. 
2012;21(11):1516–25.

 79. Kiet TK, Feeley BT, Naimark M, et al. Outcomes 
after shoulder replacement: comparison between 
reverse and anatomic total shoulder arthroplasty. 
J Shoulder Elb Surg. 2015;24(2):179–85.

 80. Kany J, Amouyel T, Flamand O, Katz D, Valenti P. A 
convertible shoulder system: is it useful in total shoul-
der arthroplasty revisions? Int Orthop. 
2015;39(2):299–304.

 81. Castagna A, Delcogliano M, de Caro F, et al. 
Conversion of shoulder arthroplasty to reverse 
implants: clinical and radiological results using a 
modular system. Int Orthop. 2013;37(7): 
1297–305.

 82. Wieser K, Borbas P, Ek ET, Meyer DC, Gerber 
C. Conversion of stemmed hemi- or total to reverse total 
shoulder arthroplasty: advantages of a modular stem 
design. Clin Orthop Relat Res. 2015;473(2):651–60.

 83. Teschner H, Albrecht UV, Meller R, et al. Conversion 
of hemi into reverse shoulder arthroplasty: implant 
design limitations. Arch Orthop Trauma Surg. 
2014;134(12):1683–9.

 84. Dilisio MF, Miller LR, Siegel EJ, Higgins 
LD. Conversion to reverse shoulder arthroplasty: 
humeral stem retention versus revision. Orthopedics. 
2015;38(9):e773–9.

 85. Matsoukis J, Billuart F, Houssam K, Dujardin F, 
Walch G. Conversion of total shoulder arthroplasty to 
reverse shoulder arthroplasty made possible by cus-
tom humeral adapter. Orthop Traumatol Surg Res. 
2015;101(6):759–61.

 86. Singh JA, Sperling JW, Cofield RH. Risk factors for 
revision surgery after humeral head replacement: 
1,431 shoulders over 3 decades. J Shoulder Elb Surg. 
2012;21(8):1039–44.

 87. Aldinger PR, Raiss P, Rickert M, Loew 
M. Complications in shoulder arthroplasty: an analy-
sis of 485 cases. Int Orthop. 2010;34(4):517–24.

 88. Bohsali KI, Wirth MA, Rockwood Jr 
CA. Complications of total shoulder arthroplasty. 
J Bone Joint Surg Am. 2006;88(10):2279–92.

 89. Sperling JW, Hawkins RJ, Walch G, Zuckerman 
JD. Complications in total shoulder arthroplasty. 
J Bone Joint Surg Am. 2013;95(6):563–9.

T. Oren et al.



293© Springer International Publishing AG 2017 
G. Huri, N.K. Paschos (eds.), The Shoulder, Orthopaedic Study Guide Series, 
DOI 10.1007/978-3-319-51979-1_22

Reverse Shoulder Arthroplasty

Matthew Baker, Kyubo Choi, Seyedali R. Ghasemi, 
and Edward G. McFarland

 Introduction, History, 
and Biomechanics

When Neer introduced his proximal humerus 
prosthesis in the 1950s, there was renewed inter-
est in shoulder arthroplasty. In his original paper 
describing hemiarthroplasty, five of 12 patients 
had good or excellent range of motion, and one 
of 12 had pain with use [1]. As the use of hemi-
arthroplasty and eventually total shoulder 
arthroplasty (TSA) increased, it became appar-
ent that this procedure was not a panacea for all 
degenerative shoulder conditions. This was 
especially true for arthritis and massive rotator 
cuff tears. Early failures using an anatomic 
prosthesis were characterized by a disappoint-
ing restoration of active motion and functional 
ability. “Limited goals rehab” was implemented 
for patients with cuff tear arthropathy because 
of the anticipated inability to regain full motion 
and strength [2].

 Cuff Tear Arthropathy

Neer et al. [3] first coined the term “cuff tear 
arthropathy” in 1983 to describe joint changes 
associated with massive rotator cuff tears and 
accompanying shoulder joint degeneration. They 
found three issues that were unique to patients 
with cuff tear arthropathy.

First, the tendon tissue in massive tears often 
does not hold sutures well, especially if placed 
under tension when repaired. Therefore, rotator 
cuff repair alone or with shoulder arthroplasty 
often would result in failure of the repair. Second, 
with large to massive rotator cuff tears, there can 
be an alteration of the glenohumeral joint con-
gruity, which contributes to pain. Third, as the 
humeral head migrated superiorly, there was con-
tact of the greater tuberosity with the acromion.

When discussing biomechanics of the shoul-
der, a key concept is concavity-compression [4]. 
If one uses the analogy of a golf ball on a tee 
when thinking of the glenohumeral joint, the 
deeper the cup of the tee (the glenoid), the more 
force is needed to move the ball (humeral head) 
off the tee. The rotator cuff compresses the 
humeral head into the glenoid. With loss of 
the rotator cuff, the ball does not stay centered in 
the socket with certain motions, and the center of 
rotation (COR) of the ball on the center of the 
socket is altered. This alteration of the COR of 
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the ball on the tee leads to abnormal wear of the 
tee (or socket in this case). It also makes the 
shoulder work harder mechanically for the same 
motion or activity.

With motion, there is a considerable amount 
of stress across the glenoid. At 90° of arm eleva-
tion, the pressure against the glenoid is at least 
ten times the weight of the extremity. If you con-
sider that the arm makes up approximately 5% of 
the body’s weight, the resultant pressure/friction 
is equal to half of a person’s body weight [5].

With a loss of the normal force couples about 
the shoulder with massive rotator cuff tears, there 
is an alteration of the compressive forces that 
leads to loss of the concentric arc of motion. With 
the loss of the rotator cuff, the humeral head 
starts to subluxate superiorly. When the deltoid 
fires to elevate the arm, the mechanical advantage 
is gone and, instead of the arm elevating with 
muscle activity, it becomes more of a transla-
tional movement.

Superior subluxation can be seen on physical 
examination (Fig. 22.1). When attempting to ele-
vate the arm, the humeral head elevates with 
respect to the anatomic COR of the glenoid. This 

is seen by observing the humeral head producing 
a mass or bump in the anterior and superior area 
of the shoulder.

Although not all patients with massive rotator 
cuff tears experience pain and loss of motion, 
certain patients developed a spectrum of changes 
seen radiographically, which are often associated 
with symptoms. These changes include superior 
movement of the COR of the humeral head away 
from the COR of the glenoid. This then causes 
eccentric load on the glenoid, which eventually 
can produce bone loss in the superior glenoid. 
Simultaneously, the greater tuberosity has 
increased contact with the acromion, causing 
wear of the greater tuberosity and the acromion. 
These sequential changes seen in cuff tear 
arthropathy were described by Hamada et al. [6] 
(Fig. 22.2).

The movement of the COR of the humeral 
head also is seen in patients with rotator cuff 
tears in whom an anatomical total shoulder 
replacement has been performed. If the rotator 
cuff tear is large enough, the humeral head of an 
anatomical TSA will also begin to slide superi-
orly over time. This causes the proximal 

a b

Fig. 22.1 Superior subluxation of the humeral head 
caused by loss of force couples associated with massive 
rotator cuff tear. (a) The intact rotator cuff keeps the 
humeral head compressed against the glenoid allowing for 

elevation of the arm. (b) When there is a massive tear, the 
humeral head subluxes superiorly because of a disruption 
of the force couples
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Fig. 22.2 The Hamada Classification. (a) Grade 1-AHI 
>6 mm. (b) Grade 2-AHI < 5 mm. (c) Grade 3-Acetabulari-
zation of the acromion. (d) Grade 4A-Glenohumeral joint 
space narrowing without acetabularization of the acro-
mion. (e) Grade 4B-Glenohumeral joint space narrowing 

with acetabularization of the acromion. (f) Grade 5-End-stage 
disease with collapse of the humeral head. (g) Radiograph 
showing Grade 3 changes. (h) Radiograph showing Grade 
4B changes. (i) Radiograph showing Grade 5 changes

a b

c d

e f
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humerus to move superiorly with arm elevation, 
resulting in eccentric forces putting extreme 
stress on the glenoid component. With loss of 
the rotator cuff, the deltoid forces become trans-
lational. This can lead to abnormal movement or 
translation. The abnormal motion in the setting 
of anatomic TSA can lead to early failure caused 
by the “rocking horse phenomenon” (Fig. 22.3), 
which results in accelerated loosening of the 
glenoid prosthesis [7].

 Development of Reverse Shoulder 
Arthroplasty

Between 1970 and 1973, Neer developed the first 
TSA in the United States in which the compo-
nents were reversed. Designated the Mark 1, this 
was an attempt to use a more constrained shoul-
der implant to address the poor functional and 
radiological outcomes of patients with deficient 
rotator cuffs (Fig. 22.4). The purpose of a 

g

i

h

Fig. 22.2 (continued)
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 constrained (fixed-fulcrum) implant was to 
 prevent the need for rotator cuff repair and 
 subsequently to simplify the procedure while 
maintaining the motion and function needed. 
Neer ultimately abandoned three iterations of the 
prosthesis because of unsatisfactory results.

In 1974, Kessel developed his version of the 
reversed shoulder implant based on the idea that 
“the scapular bone is unsuitable for holding a pros-
thesis with acrylic cement” [8, p. 749] (Fig. 22.5). 
Instead of a cemented keel as in the Neer device, 
his used a central screw to fix the glenosphere to 
the scapula, and the humeral component was 
cemented in. In his study of 23 patients, most of 
whom were treated for rheumatoid arthritis, there 
was an overall success rate of 72% [8]. After an 
average of just more than 3 years of follow-up, he 
found sufficient justification for continued use of 
the technique. Unfortunately, his optimism was 
tempered over the long term by a high failure rate, 
and the device was removed from the market.

Fig. 22.3 Rocking-horse loosening. Although the gle-
noid component is stable when the load applied by the 
humeral head is centered (middle), anterior (left), or pos-
terior (right) translation of the head of the glenoid causes 
eccentric loading and lifting up of the opposite, unloaded 

glenoid rim. (Reprinted with permission from: Matsen FA 
III, Lippitt SB. Shoulder surgery: principles and proce-
dures. Philadelphia: Saunders; 2004. Principles of glenoid 
arthroplasty: p. 508.)

Fig. 22.4 Neer Mark 1 reverse shoulder prosthesis
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In 1975, Fenlin released a reverse design that 
was a fixed-fulcrum system (Fig. 22.6). It was 
engineered to allow the deltoid to compensate for 
the deficient rotator cuff, creating a system that 
was designed for patients with rotator cuff tear 
arthropathy. Although early results were promis-
ing, long-term follow-up identified instability, 
implant breakage, and loosening of the prosthesis 
[9]. There were nearly a dozen subsequent 
designs in which the components were reversed 
during that period (Table 22.1). Unfortunately, 
most failed because of being over-constrained, 
which led to glenoid component failure.

In 1985, Dr. Paul Grammont introduced a 
prosthesis with a reversed design. This prosthe-
sis fixed a “glenosphere” to the scapular neck 
replacing the anatomic socket [10]. This system 
differed from the others in several important 
ways. The key concepts were that the compo-
nents must be inherently stable or constrained 
because of the loss of the rotator cuff; the 

a b

Fig. 22.6 Fenlin reverse shoulder prosthesis designed 
with a fixed fulcrum system. (a) Fully assembled.  
(b) Unassembled components. (Reprinted with permission 

from: Fenlin JM, Jr. Total glenohumeral joint replace-
ment. Orthop Clin North Am. 1975;6(2):565–83.)

Fig. 22.5 Kessel reverse shoulder prosthesis. This design 
had a screw in the glenoid component
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weight-bearing surface (the glenoid) must be 
convex, whereas the supported part (humeral 
side) should be concave, providing stability in 
the presence of altered mechanics; the COR of 
the joint must be at or within the glenoid neck to 
decrease the shear forces on the glenoid compo-
nent; and the COR must be distal and medial to 
increase the function of the deltoid (Fig. 22.7). 
This medialization compared with the anatomic 
COR in a reverse shoulder prostheses was an 
important step in addressing implant loosening, 
which was the main cause of failure in earlier 
designs [11].

The pioneering work of Grammont 
(Fig. 22.8) and the development of his prosthe-
sis have been key to all subsequent reverse 
shoulder arthroplasty devices. Grammont 

 proposed two solutions to improve the deltoid 
muscle vector as an arm elevator when there 
was an absent rotator cuff. The first was lateral-
ization of the acromion. From comparative ana-
tomic studies, Grammont hypothesized that 
there was a relationship between the position of 
the acromion and the function of the rotator 
cuff. The concept was that a more lateral posi-
tion of the acromion to the joint’s COR would 
create an increase in the abductor component of 
the deltoid. This would also lower the ascend-
ing force component, the combination of which 
would facilitate the function of the intact rota-
tor cuff [11].

The second solution to rotator cuff deficiency 
was Grammont’s concept of medialization of the 
COR of the prosthesis. Following the principles 

Table 22.1 Reverse shoulder prosthesis designs

Prosthesis Designer Year introduced Key features

Mark 1–3 
shoulder

Neer [130] 1970 Constrained component to address rotator cuff 
deficiency

Leeds shoulder Reeves et al. [131] 1972 Glenoid component with divergent threaded peg; 
anatomic COR

Kessel Brostrom [132] 1973 Single central glenoid screw; lateral COR

Kobel prosthesis Köbel and Friedebold 
[133]

1973 Flange bolted glenoid component to scapular spine; 
designed to allow dislocation at lower forces

Bayley-Walker 
reverse shoulder

Bayley-Walker [134] 1973 Large hydroxyapatite-coated screw; moved COR 
distal and medial

Fenlin reverse 
shoulder

Fenlin [135] 1975 Larger glenosphere to increase deltoid lever arm

Liverpool Beddow and  
Elloy [136]

1975 Glenoid component included a stem fixed into the 
scapular pillar to improve fixation

Floating socket Buechel et al. [137] 1978 “Floating socket”; smaller glenosphere to increase 
shoulder motion

Trispherical Gristina and  
Webb [138]

1978 Glenosphere and small sphere on the humerus, both 
articulating in a larger polyethylene cup

Grammont 
version 1

Grammont et al. [139] 1985 COR medialized but remained lateral to native 
glenoid surface; glenoid baseplate with press-fit 
central peg

Delta III Grammont [140] 1991 COR further medialized to native glenoid face; 
hydroxyapatite-coated glenoid baseplate to improve 
fixation

SMR Randelli [141] 1994 Modular system; metal-backed glenoid

RSP Frankle [142] 1998 More lateral offset than Delta III

Aequalis Walch et al. [143] 2002 Lateralized humeral component

Equinoxe Wright and Zuckerman 2006 Baseplate shifted inferior; lateralized humerus

COR center of rotation, RSP reverse shoulder prosthesis
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of hip arthroplasty, first it was attempted to medi-
alize the prosthetic head relative to the diaphy-
seal axis. This prosthesis had a small head 
attached to a neck component that was inserted 
into the humerus. He soon realized that using a 
constrained prosthesis was impractical because 
of the high shear forces placed on the construct. 
The initial version of the Grammont prosthesis 
was called the Ovoide prosthesis and was the first 
step toward a “nonanatomic” solution for rotator 
cuff–deficient shoulders [11].

Grammont hypothesized that medialization of 
the COR leads to more concentric forces at the 
prosthesis-bone junction in the early degrees of 
elevation. This was expected to decrease the 
shear forces at the baseplate and glenoid-bone 
interface, thereby preventing baseplate failure, 
which had hampered previous designs of the 
reverse prosthesis.

The power exerted by the deltoid is increased 
by the restoration of muscle tension. This can be 
accomplished by bringing the humerus more 
inferior. By increasing the power of the deltoid, 
the incompetent rotator cuff is addressed allow-
ing for more range of motion of the upper 
extremity.

The Grammont prosthesis continued to evolve 
until it was approved for use in Europe in 1991 
(Fig. 22.9). Grammont died in March 2013 after 
contributing numerous advances in the field of 
orthopaedics.

 Biomechanics

The glenoid offset is the distance between the 
base of the coracoid and the deepest portion of 
the glenoid articular surface. This offset sets the 

a b

c d

Fig. 22.7 Center of 
rotation and position of 
the humerus and the 
deltoid muscle with the 
arm at the side (a) and in 
abduction (b) in normal 
shoulder anatomy. (c and 
d) Reverse total shoulder 
arthroplasty medializes 
the center of rotation, 
distalizes the humerus, 
and elongates the deltoid. 
The lever arm of the 
deltoid muscle (dotted 
line) is lengthened so that 
for any given angular 
displacement of the 
humerus, shortening of 
the deltoid is greater than 
in total shoulder 
arthroplasty (F indicates 
force). (Reprinted with 
permission from: Gerber 
C, Pennington SD, 
Nyffeler RW. Reverse 
total shoulder 
arthroplasty. J Am Acad 
Orthop Surg. 2009 
May;17(5):284–95.)
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location of the glenohumeral joint line and is not 
related to the size of the patient. The resting ten-
sion of the rotator cuff, as well as the moment 
arm of the deltoid, is set by the lateral glenohu-
meral offset, the distance between the base of the 
coracoid, and the most lateral aspect of the 
greater tuberosity [12]. The reverse shoulder 

prosthesis medializes this COR. The extent to 
which this medialization occurs depends on the 
prosthesis being used. This results in decreased 
shear forces and forces that are more compres-
sive in nature.

 Articular Geometry 
of the Glenohumeral Joint
When considering a reverse shoulder prosthesis, 
“medialized” and “lateralized” components are 
relative terms. Both types of implant move the 
COR medial to the anatomic location; one is just 
less medial.

There are benefits to both designs. With 
medialized implants, the COR is at the glenoid 

Fig. 22.8 Original Grammont reverse shoulder prosthe-
sis. The glenosphere has no neck and is attached directly 
to the glenoid bone. This effectively shifts the center of 
rotation to the bone/implant interface. (Reprinted with 
permission from: Boileau P, Watkinson DJ, Hatzidakis 
AM, Balg F. Grammont reverse prosthesis: design, ratio-
nale, and biomechanics. J. Shoulder Elb Surg. 2005; 
14(1):147S–161S.)

Fig. 22.9 Modern Delta III reverse shoulder prosthesis. 
(Reprinted with permission from: Boileau P, Watkinson 
DJ, Hatzidakis AM, Balg F. Grammont reverse prosthesis: 
design, rationale, and biomechanics. J Shoulder Elb Surg. 
2005;14(1):147S–161S.)
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component–bone interface. This places less 
shear stress at the glenoid bone–prosthesis inter-
face. However, there is encroachment on the 
glenoid, less mechanical advantage, and laxity 
of the remaining cuff. Lateralized implants 
address the issues associated with medialized 
components but result in more force across the 
glenoid bone–implant interface.

With medial encroachment, the risk of scapu-
lar notching is increased. Sirveaux first described 
scapular notching in 1997 [13, 14]. Notching is a 
divot in the scapular neck attributed to the impact 
of the medial border of the humeral prosthesis 
against the upper portion of the scapular pillar 
when the arm is brought into an adducted posi-
tion. It has also been suggested that polyethylene 
wear particles can contribute to the progression 
of notching. Implants with a more lateral COR 
offset have been shown to reduce scapular notch-
ing [15].

 Humeral Neck Shaft Angle
The humeral neck shaft angle (Figs. 22.10 and 
22.11) is the angle between the central intramed-
ullary axis of the humeral shaft and the anatomi-
cal neck of the humerus. The mean neck shaft 
angle is 40° but variation occurs between indi-
viduals, ranging from 30 to 55° [16]. The humeral 
component of a reverse prosthesis has a nonana-
tomical orientation with neck shaft angles rang-
ing from 125 to 155°. The design of the prosthesis 

can alter the mechanics. Implants with a more 
horizontal neck shaft angle have been shown to 
reduce scapular notching [15]. Decreasing the 
neck shaft angle has also been shown to reduce 
the contact area of the glenosphere, which in 
turn, increases the contact stress [17]. This sug-
gests that although decreasing the neck shaft 
angle can increase the impingement-free range of 
motion, it can also increase contact stress, which 
can potentiate wear.

 Humeral Component Positioning
The native humeral head is retroverted approxi-
mately 30° (range, −8 to 46°) relative to the shaft 
of the humerus [18]. Implant position varies from 
neutral to 30° of retroversion for the humeral 
component. The position of the humeral and gle-
noid components affects the overall range of 
motion, and it can also affect the resting position 
of the extremity. This contributes to the stability 
of the implant. There is evidence that neutral ver-
sion provides better outcomes in activities of 
daily life, Constant-Murley scores, strength, and 
radiographic loosening. When evaluating the 
adduction deficit, 10° of retroversion has been 
associated with increased  deficit [19]. New evi-
dence points to a lower neck shaft angle increas-
ing abduction motion with increased retroversion, 
resulting in loss of internal rotation up the back 
[20].

Humeral offset (Fig. 22.12) is also a system- 
specific characteristic that can alter range of 
motion and impingement [21]. There are advan-
tages and disadvantages to any alteration. By 
increasing the humeral offset, abduction can be 

Fig. 22.10 Reverse shoulder prosthesis showing a 
135-degree neck shaft angle

Fig. 22.11 Modern reverse shoulder prosthesis with a 
150-degree neck shaft angle
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decreased with a subsequent increase in external 
rotation, extension, and adduction.

 Positioning of the Metaglene/
Glenosphere
It is accepted that superior tilt of the glenosphere 
is deleterious because it increases shear forces 
between the baseplate and the bone, which can 
lead to early failure [22]. When comparing 15°, 
neutral, and −15° of glenoid tilt in a laboratory 
environment, inferior tilt was associated with 
decreased overall magnitude of force, more 
evenly distributed force at the baseplate, and 
decreased micromotion [23]. However, it has not 
been proven that tilting the glenoid baseplate 10° 
inferiorly, as recommended by some researchers, 

decreases the incidence or severity of scapular 
notching [15].

Guitierrez et al. [24] proposed several factors 
that can be altered to minimize scapular impinge-
ment and increase range of motion of a reverse 
shoulder. Lateral offset of the implant influenced 
impingement-free range of motion the most. 
Inferior positioning of the glenoid was the sec-
ond most influential factor with respect to 
increasing range of motion. Inferior glenoid tilt 
was also found to increase range of motion. The 
angle at which scapular impingement occurs is 
called the adduction deficit. When the humeral 
neck shaft angle is increased from 130 to 155° 
(more vertical), abduction motion increases but 
the adduction deficit also increases. When 

a b

Fig. 22.12 (a) Traditional inlay Grammont reverse 
shoulder prosthesis with a straight stem. (b) Example of a 
new design with a curved stem and an onlay humeral tray. 
The red line passes through the center of the stem. Note 
that the center of the polyethylene is more medial with the 
curved stem, which results in lateralization of the humerus 

(red arrow). (Reprinted with permission from: Ladermann 
A, Denard PJ, Boileau P, Farron A, Deransart P, Terrier A, 
Ston J, Walch G. Effect of humeral stem design on 
humeral position and range of motion in reverse shoulder 
arthroplasty. Int Orthop. 2015;39(11):2205–13.)
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Guitierrez et al. evaluated factors that increased 
the adduction deficit, the primary factor was 
increasing the humeral neck shaft angle. In 
decreasing order of magnitude, the factors lead-
ing to increased adduction deficit were superior 
positioning of the glenosphere, superior tilting 
of the glenosphere, and decreased lateral offset 
of the COR.

One study [25] reported no difference when 
comparing inferior tilt of the baseplate to a neu-
tral position, whereas another study [26] sug-
gested that greater inferior tilt increased the 
incidence of notching.

Kelly et al. [27] and Poon et al. [28] have sug-
gested that placing the glenoid baseplate inferi-
orly on the glenoid vault can reduce impingement 
and therefore decrease notching. Kowalsky et al. 
[29] compared glenoid component position 
below versus at the glenoid rim. They found 
lower incidence and less severe notching in those 
with the implant below the glenoid rim, but the 
difference was not statistically significant. Care 
must be taken when positioning the baseplate to 
ensure that the inferior screw has adequate pur-
chase and is not compromised by positioning the 
component too inferior.

 Glenoid Design
Fixation of the glenoid implant relies on vari-
ous factors. Preservation of bone stock through 
precise reaming is important. Reduction of 
micromotion through secure initial screw fixa-
tion, maximization of bone-implant contact, 
and ultimately, bone ingrowth can help prevent 
glenoid loosening. A study comparing two 
baseplate designs (curved versus flat-backed) 
showed that using a curved baseplate can 
increase the contact area between the implant 
and bone. However, this can increase the 
amount of bone removed and decrease screw 
fixation. When adequate contact between the 
implant and bone cannot be obtained, a flat-
back baseplate can provide better screw engage-
ment [30].

Another consideration in the design of a 
reverse shoulder prosthesis is the size and shape 
of the glenosphere. Although the size of the gle-
nosphere has not been shown to increase stabil-
ity or have as major an impact on range of 
motion as other factors previously discussed, 
there are several important factors to consider 
regarding how the size and shape affects the bio-
mechanical and clinical performance of reverse 
prostheses. Glenospheres come in multiple sizes 
and may be eccentric or concentric (Fig. 22.13). 
In theory, a larger glenosphere gives more 
excursion for the socket around the sphere. This 
increases impingement- free range of motion, 
which should decrease notching. Increasing the 
size of the glenosphere can increase the contact 
area with the humeral component but only mini-
mally affects the contact stress [17]. Increasing 
the diameter has been shown to increase joint 
load and deltoid force; however, the clinical 
implications of this are unknown [31]. Use of a 
concentric (versus eccentric) glenosphere has 
also been an area of interest. Eccentric gleno-
spheres are intended to decrease the incidence 
of scapular notching by moving the COR more 
inferior compared with concentric glenospheres 
[32]. There has been no definitive evidence that 
one size or shape of glenosphere is significantly 
better than any other in terms of function or 
long-term clinical success.

Finally, there is evidence that lateralizing the 
COR can lower the incidence of scapular notch-
ing (Figs. 22.14 and 22.15) [33]. The tradeoff is 
the potential increase of shear forces at the gle-
noid bone–component interface.

 Indications for RTSA

Initially, the main indication for reverse total 
shoulder arthroplasty (RTSA) was cuff tear 
arthropathy (Fig. 22.16). The prosthesis was 
designed to restore the biomechanical COR and 
allow the deltoid muscle vector to abduct the 
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Fig. 22.13 Baseplate/glenosphere positioning. (a) 
Neutral position, (b) medialized position, (c) lateralized 
position, (d) superior translation, (e) inferior translation, 
(f) superior tilt, and (g) inferior tilt. (Reprinted with per-

mission from: Li X, et al. Effects of glenosphere position-
ing on impingement-free internal and external rotation 
after reverse total shoulder arthroplasty. J Shoulder Elb 
Surg. 2013;22(6):807–13.)
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Fig. 22.15 Schematic of humeral position before and 
after reverse total shoulder arthroplasty (rTSA). (a) In 
native arms, the midline of the infraspinatus/teres minor 
(IS/TM) line of action passes through the joint center of 
rotation (COR), shown as the bisector of the IS/TM mar-
gins. (b) With the Aequalis (Tornier, France), the IS/TM 
line of action passes below the COR, and the IS/TM is 
shortened when the humerus is shifted inferior and medial, 
respectively. (c) With the Reverse Shoulder Prosthesis 

(RSP) (DJO, Texas), the line of action passes below the 
joint COR because of inferior humeral shift, but nearly 
anatomic IS/TM length is likely to be maintained because 
the humerus does not translate significantly medial to the 
native after rTSA. (Reprinted with permission from: 
Henninger HB, King FK, Tashjian RZ, Burks 
RT. Biomechanical comparison of reverse total shoulder 
arthroplasty systems in soft tissue-constrained shoulders. 
2013;23(5):e108–117.)

a b c

Medialisation Lateralisation

Fig. 22.14 Diagram illustrating joint center of rotation 
location for the anatomical shoulder (a), reverse shoulder 
(b), and reverse shoulder with a lateral-offset glenoid 
component (c). Medialization after reverse total shoulder 
arthroplasty is shown, as well as lateralization caused by a 
lateral-offset glenoid component. Black, red, and green 
bull’s-eyes indicate joint center of rotation position for the 

anatomical shoulder, reverse shoulder, and reverse shoul-
der with a lateral-offset glenoid component, respectively. 
(Reprinted with permission from: Ackland DC, Patel M, 
Knox D. Prosthesis design and placement in reverse total 
shoulder arthroplasty. 2015;10(101). Open access through 
Creative Commons license)
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arm, thereby eliminating superior subluxation, 
which impairs the patient’s ability to lift the arm. 
Because failure rates of the early designs were 
high, there was initial caution in the use of RTSA 
for other indications. However, with further 

research and changes in RTSA design, the clini-
cal results improved enough to allow expansion 
for a much wider spectrum of shoulder disorders 
and conditions previously not treated success-
fully with anatomical shoulder arthroplasty.

a b

c

d

Fig. 22.16 (a) Anteroposterior and (b) axillary preop-
erative radiographs showing cuff-tear arthropathy. Note 
the characteristic radiographic findings, including joint 
space narrowing, diminished acromiohumeral interval, 

acetabulization of the undersurface of the acromion, and 
a femoralized and subacromial position of the humeral 
head. (c) Anteroposterior and (d) axillary postoperative 
radiographs
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Disorders successfully treated with RTSA 
include conditions that, when treated with ana-
tomic total shoulder arthroplasty, have been asso-
ciated with poor outcomes. These conditions 
include shoulders with failed previous rotator 
cuff or arthroplasty surgery. The primary indica-
tions are cuff tear arthropathy, failed rotator cuff 
repair, osteoarthritis with rotator cuff tears, osteo-
arthritis with severe glenoid bone loss, pseudopa-
ralysis without arthritis, immunological arthritis 
such as rheumatoid arthritis, dislocation arthrop-
athy, chronic fixed shoulder dislocations, shoul-
der dysplasias, acute proximal humerus fractures, 
malunited proximal humerus fractures, bone 
tumors, and primary shoulder infections. For 
failed arthroplasty, RTSA can effectively treat 
failed proximal humeral head replacements, 
including failed hemiarthroplasty, cup arthro-
plasty, and head cap replacements. RTSA has 
also been effective for failed TSA, including 
failed RTSA.

All of these conditions have in common one or 
more combinations of rotator cuff deficiency and 
glenoid bone loss. The assumption in some cases 
is that RTSA should be performed to preempt 
complications of anatomical shoulder  arthroplasty. 
However, results are mixed regarding this assump-
tion, and further research is needed to determine 
which type of implant is best for which indication. 
For example, RTSA has been successful for 
patients with cuff tear arthropathy (for which ana-
tomical TSA is not predictably successful), 
whereas patients with osteoarthritis and rotator 
cuff tears have been successfully treated with ana-
tomical TSA [34]. Although RTSA might prevent 
future complications in patients with osteoarthri-
tis and cuff tears, no studies have compared these 
two treatments over the long term.

Similarly, when the indication for RTSA is 
glenoid bone loss, the extent of bone loss that is 
better treated with RTSA than anatomical TSA 
is poorly defined. Studies have shown that 
lower levels of glenoid bone loss (e.g., Walch 
types A1 and B1) can be treated successfully 
with anatomical TSA [35–37], but for higher 
grades of glenoid bone loss (e.g., Walch types 
A2, B2, and C) the best treatment is unclear. 
Similarly, there have been no direct  comparisons 

of the performance of anatomical TSA versus 
RTSA when the glenoid must be bone grafted 
for implant stability. Further study and longer-
term follow-up will allow clinicians to make 
decisions based on well- defined criteria about 
the use of RTSA in patients with severe glenoid 
bone loss.

 Patient Evaluation

Patients undergoing RTSA should be approached 
similarly to any patient considering treatment 
options for painful or debilitating shoulder con-
ditions. Because many patients have complex 
histories, a careful and complete history should 
be obtained (Chap. 10). This should include how 
the pain began, including traumatic or atrau-
matic causes. Signs of neurological involvement 
should be ascertained such as paresthesias or 
upper extremity weakness. Painless weakness 
with no trauma should be considered a neuro-
logical condition until proven otherwise. We 
have seen several patients with shoulder replace-
ments for cuff tears and no arthritis who had 
amyotrophic neuropathy because no clinician 
had taken a complete history or performed a 
thorough examination. Cervical spondylolysis 
should be considered if there is bilateral weak-
ness, pain, and paresthesias. In patients with pre-
vious surgery, it is important to determine why 
the surgery might have failed, and any previous 
wound drainage or swelling should be ascer-
tained. Lastly, patients with a painful arthro-
plasty should be considered infected until proven 
otherwise.

The thorough examination of the shoulder 
should include observation, range-of-motion test-
ing, strength testing, palpation, and assessment of 
the rotator cuff. The posterior thorax should be 
evaluated for atrophy of the musculature and 
winging of the scapula. Because of stiffness of the 
glenohumeral joint, many patients compensate 
with more motion of the scapular- thoracic articu-
lation; this represents a form of scapular dyskine-
sis and does not reflect true winging. The deltoid 
muscle should be evaluated specifically for atro-
phy or detachment from previous surgery. The 
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rotator cuff should be tested using strength testing 
but also with lag signs (Chap. 10).

One factor found to influence the success of 
RTSA is the status of the shoulder external rota-
tors, including the infraspinatus and teres minor 
tendons [14]. If a patient has weakness in exter-
nal rotation with the arm at the side, then the 
supraspinatus and perhaps the infraspinatus 
maybe be torn or weak. If the patient has a posi-
tive external rotation lag sign with the arm at the 
side, then the patient most likely has torn the 
supraspinatus, infraspinatus, and teres minor 
[38]. If the patient has a positive “dropping sign,” 
which is a lag sign performed with the arm 
abducted to 90° and externally rotated to 90°, 
then all of the external rotators are torn. These are 
important findings because the loss of these ten-
dons makes the arm fall into internal rotation, 
which is called a “hornblower’s sign.” If a patient 
has these findings, the patient will have difficulty 
reaching full elevation and with reaching the 
mouth in some instances. RTSA alone will not 
compensate for these deficiencies, and if patients 
expect these deficits to be solved, they will likely 
be disappointed [39]. The use of latissimus dorsi 
transfer with or without the teres major at the 
time of RTSA to restore external rotation has 
been reported [40–43] with favorable results  
[40, 42, 43]. However, this procedure adds a level 
of complexity to the operation and prolongs 
recovery.

The workup for a patient considering RTSA 
should include plain radiographs of the shoulder, 
including Grashey [44, 45] and axillary views. If 
the patient cannot tolerate positioning for an axil-
lary view, a computed tomography (CT) scan of 
the shoulder should be obtained to determine the 
humeral head relationship to the glenoid and the 
amount of glenoid bone loss.

In patients undergoing RTSA, the routine use 
of CT scanning remains controversial. If a high- 
quality axillary radiograph shows little bone 
loss, then CT scanning is probably not neces-
sary. Some surgeons recommend a CT scan in all 
patients, and some decide whether to obtain a 
CT scan on the basis of the axillary radiograph 
quality. The use of 3-dimensional CT scanning 
has been advocated by some surgeons [46]. The 

use of scapular models made from the CT scans 
has been used by some surgeons to assist in 
assessing glenoid morphology and bone loss 
(Fig. 22.17).

Patients with previous surgery, including open 
reduction and fixation for proximal humerus 
fractures and patients with any form of previous 
arthroplasty should be evaluated for infection. 
The major symptom of infected hardware is the 
presence of pain, but because pain can have many 
causes such as implant loosening, infection 
should be ruled out. The basic workup for infec-
tion should include blood tests for C-reactive 
protein and sedimentation rate and aspiration of 
the shoulder. A reliable and accurate test to 
 diagnose infection has not been established. 
Although it is beyond the scope of this chapter, 
the future of detecting infection may involve 
additional immunological markers from blood or 
joint aspiration fluid testing [47, 48].

 Cuff Tear Arthropathy

Cuff tear arthropathy typically is defined as 
arthritis caused by abnormal biomechanics of the 
rotator cuff–deficient shoulder [49]. Because of 
the lack of a supraspinatus and often other rotator 
cuff tendons, the glenohumeral joint is subject to 
abnormal forces that lead to cartilage wear. This 
wear pattern can be highly variable, and the vari-
ations were classified by Hamada et al. [6]. 
According to this system, grade 1 shows minimal 
radiographic changes; grade 2 shows narrowing 
of the subacromial space to less than 5 mm; grade 
3 shows erosion or “acetabulization” of the 
 acromion; grade 4 is associated with glenohu-
meral arthritis; and grade 5 is associated with 
humeral head osteonecrosis. Grade 4 is subdi-
vided into two groups: grade 4A is without ace-
tabulization, and grade 4B is associated with 
humeral head avascular necrosis. In this condi-
tion, as the space between the acromion and the 
tuberosity becomes narrower (by superior migra-
tion of the head because of a rotator cuff tear), the 
greater tuberosity and the acromion become 
worn. Eventually, wear of the greater tuberosity 
on the undersurface of the acromion leads to its 
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acetabulization, and the humeral head takes on an 
“ice cream cone” appearance (Fig. 22.16). In its 
extreme form, the humeral head can migrate 
superiorly and medially, eroding the acromion to 

the point that it fractures, and wearing away the 
acromioclavicular joint. This degree of superior 
migration can make successful RTSA difficult 
because a stable acromion is needed for the del-

a

c

b

d

fe

Fig. 22.17 Three-dimensional model in (a) posterior view, (b) superior view, (c) anterior view, and (d) enface view. 
(e) CT scan and (f) anteroposterior radiograph of a patient with glenoid bone loss

M. Baker et al.



311

toid muscle to function properly. Also, the degree 
of bone loss of the glenoid can affect the amount 
of bone available for secure placement of the 
RTSA baseplate.

Generally, the results of RTSA for cuff tear 
arthropathy have been good, and they serve as the 
benchmark for other indications for RTSA 
(Tables 22.2 and 22.3). The reasons for this suc-
cess are that RTSA relieves pain and restores the 
deltoid vector to allow the arm to elevate above 
shoulder level. Wall et al. [50] reviewed the 
results of RTSA performed for various diagnoses 
and found that the best results were in patients 
with cuff tear arthropathy, osteoarthritis with a 

cuff tear, and massive rotator cuff tears without 
arthritis.

 Failed Previous Rotator Cuff Surgery

These patients are similar in presentation and 
required treatment to patients with rotator cuff 
tear arthropathy (Fig. 22.18). Both groups have 
torn rotator cuff tendons and various degrees of 
glenoid bone loss. The major difference between 
these two groups is that patients with previous 
surgery may have failed labrum lesions, failed 
hardware, more scar formation, or even the 

Table 22.2 Results of RTSA in patients with rotator cuff tear arthropathy

Study
No. of 
patients

Mean 
age, 
years

Mean 
(range) 
follow-up, 
months

CM score ASES score

Complication 
rate, %

Reoperation 
rate, %Initial Final Initial Final

Boulahia et al. [144] 16 72 35 (24–65) 22 59 NR NR 25 12

Sirveaux et al. [14] 74 73 44 (24–97) 23 66 NR NR NR NR

Werner et al. [65] 17 68 38 (min 
24)

35%a 72%a 53 18

Frankle et al. [142] 60 71 33 (24–68) NR NR 34 68 22 13

Seebauer et al. [145] 57 70 18 (3–44) NR 67 NR NR 9 NR

Boileau et al. [101] 21 77 40 (24–72) 18 66 NR 76 19 5

Wall et al. [50] 59 73 40 (24–86) 22 65 NR NR NR NR

Cuff et al. [97] 94 72 28 (24–88) NR NR 30 86 9.5 5

Cuff et al. [146] 74 70 62 (60–79) NR NR 32 75 13.5 NR

ASES American Shoulder and Elbow Surgeons, CM Constant-Murley, min minimum, NR not reported
aRelative Constant-Murley score

Table 22.3 Range of motion before and after RTSA

Study

Active elevation Active abduction

Active external 
rotation, arm at 
side

Active external 
rotation with 90° 
abduction

Active external 
rotation

Initial Final Initial Final Initial Final Initial Final Initial Final

Boulahia et al. [144] 70 138 NR NR 6 3 NR NR NR NR

Sirveaux et al. [14] 73 138 NR NR 3.5 11 17 40 NR NR

Werner et al. [65] 43 103 39 84 NR NR NR NR NR NR

Frankle et al. [142] 55 105 41 102 NR NR NR NR 12 41

Seebauer et al. [145] NR 145 NR 140 NR NR NR NR NR NR

Boileau et al. [101] 53 123 NR NR NR NR NR NR 9 14

Wall et al. [50] 76 142 NR NR 5 7 29 43 NR NR

Cuff et al. [97] 74 130 70 123 NR NR NR NR 20 36

Cuff et al. [146] 64 118 61 110 NR NR NR NR 15 28

NR not reported
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 presence of an occult infection. Previous surgery 
can affect the results of RTSA in rotator cuff 
arthropathy patients. Boileau et al. [51] compared 
a group of patients who underwent RTSA for cuff 

tear arthropathy with a group who had failed pre-
vious rotator cuff surgery. They found that the 
group with no previous surgery had better 
Constant-Murley scores and range of motion 

a b

c

d

Fig. 22.18 (a) Anteroposterior and (b) axillary radio-
graphs of a patient with failed rotator cuff repair and 
radiographic changes associated with cuff-tear arthropa-

thy. (c) Anteroposterior and (d) axillary radiographs 
after the patient underwent reverse total shoulder 
arthroplasty
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than the group with previous surgery. They spec-
ulated that the previous surgery was responsible 
for more postoperative scar tissue, and they con-
cluded that previous rotator cuff repair surgery 
was a relative contraindication for RTSA.

 Osteoarthritis with Cuff Tears

Another group of patients who may benefit from 
RTSA is those with osteoarthritis and concomi-
tant rotator cuff tears (Fig. 22.19). Studies of the 
results of anatomical TSA in this patient popula-
tion have shown excellent results [52, 53]. These 
studies suggest that small tears can be repaired or 
ignored when performing anatomical TSA, but 
the follow-up in both studies was short.

As the natural history of rotator cuff tears 
becomes better understood, there is increasing 
concern that, over time, rotator cuff tears become 
larger and result in glenoid component loosening 
or superior escape of the humeral implant. 
Because no studies have compared the use of 
RTSA with anatomical TSA in this population, 
no definitive conclusions can be made about the 
size of the tear or the physical findings that can 
guide treatment. In some cases, such as in patients 
older than 75 years who are unhealthy and can 
tolerate only one operation, RTSA might be a 
better choice if future cuff tearing is a concern. 
Wall et al. [50] reported that patients with pri-
mary osteoarthritis and rotator cuff tears treated 
with RTSA had results as good as those in 
patients who underwent RTSA for cuff tear 
arthropathy.

 Osteoarthritis with Bone Loss

The rationale for RTSA in patients with no rota-
tor cuff tear and severe bone loss (Fig. 22.20) is 
primarily to avoid the high failure rate associ-
ated with bone grafting of the glenoid. The 
options for treating glenoid bone loss in this 
population are (1) hemiarthroplasty or cup 
arthroplasty with or without “ream and run,” 
(2) anatomical TSA with reaming the glenoid 

only, (3) augmented glenoid components, (4) 
bone grafting of the glenoid with anatomical 
TSA, and (5) RTSA with or without bone graft-
ing. For anatomical TSA bone grafting, biome-
chanical studies [54–56] indicate that glenoid 
component fixation decreases when placed into 
a glenoid with more than 15° of retroversion 
[57]. Similarly, retroversion of the glenoid 
more than 25° (a Walch type C or “dysplastic” 
glenoid) would typically require bone grafting 
for a standard anatomical TSA. Although they 
have been used successfully in type C glenoids, 
augmented glenoid components have not been 
studied long enough to make definitive 
 conclusions about their effectiveness for these 
glenoids [58].

Another option is to bone graft the glenoid 
and place an anatomical TSA. Unfortunately, the 
failure rates with this approach can be high. 
Walch et al. [59] reported using glenoid bone 
grafting and anatomical TSA in patients with 
osteoarthritis and biconcave glenoids. They sub-
sequently had to revise 16% (15/92) of the 
patients, and another 21% (19/92) had glenoid 
component loosening. Hill and Norris [60] used 
bone grafting during anatomical TSA to compen-
sate for glenoid defiency. In their cohort, 30% 
(5/17) had to be revised, some as early as 2 years 
postoperatively.

The results of RTSA in patients with intact 
rotator cuffs and severe glenoid bone loss have 
been encouraging. Mizuno et al. [61] reported on 
27 shoulders with Walch type B2 glenoids, 17 of 
which were treated without bone grafting and ten 
with bone grafting. They reported excellent clini-
cal outcomes with significant improvement in 
Constant-Murley scores and shoulder range of 
motion. A similar study by Steen et al. [62] com-
pared patients with glenoid bone loss who under-
went RTSA with patients who underwent 
anatomical TSA. Their results were similar for 
RTSA and TSA without bone grafting for patients 
with intact rotator cuffs and type A2, B2, or C 
glenoids. McFarland et al. [63] used RTSA with-
out bone grafting in 34 patients with type A2, B2, 
or C glenoids. There was only one baseplate fail-
ure (2%) at a minimum follow-up of 2 years. 
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Fig. 22.19 Preoperative (a) anteroposterior and (b) axillary radiographs of a patient with shoulder osteoarthritis with 
rotator cuff tear. Postoperative (c) anteroposterior and (d) axillary radiographs after reverse total shoulder arthroplasty
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b

Fig. 22.20 (a) Anteroposterior and (b) axillary radiographs and (c, d) CT scans of a patient with glenoid bone loss. (e) 
Anteroposterior and (f) axillary postoperative radiographs
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Although these studies show that RTSA can be 
successful in the short term, the long-term results 
of this approach to glenoid bone loss are 
unknown.

 Pseudoparalysis Without Arthritis

A unique group of patients are those who have 
“pseudoparalysis” from superior escape of the 
shoulder but who do not have shoulder pain. It is 
important in such patients to be sure that the 
painless loss of motion is not caused by an under-
lying neurological disorder. The most common 
cause is a massive rotator cuff tear, which 
includes the subscapularis, supraspinatus, and 
infraspinatus tendons. This can be caused by 
trauma or, occasionally, failed rotator cuff repairs 
in which the coracoacromial ligament has been 
cut with or without concomitant partial acromio-
plasty. Typically, these patients have full passive 
range of motion, reasonable function with their 
arms below shoulder level, and no pain. In these 
patients, the major goal of surgery is not pain 
relief but rather increased range of motion.

Two studies have addressed the use of RTSA 
in this population. Mulieri et al. [64] reported on 
72 shoulders with Hamada stage 1, 2, or 3 with-
out glenohumeral arthritis, some of which had 
pseudoparalysis. Werner et al. [65] reported on a 
series of 58 patients with pain, pseudoparalysis, 
and irreparable cuff tears treated with RTSA. They 
found improvement in range of motion, subjec-
tive shoulder value, and Constant-Murley scores; 
however, they found a significant decrease in the 
degree of active external rotation. Regardless of 
whether the patients had previous surgery, all 
patients had improved visual analog scale scores 
for pain, improved range of motion, and improved 
outcome scores.

When considering this patient population, a 
critical factor is the status of the external rotators 
and the deltoid muscle. If the patient lacks exter-
nal rotation strength and has a positive external 
rotation lag sign, then performance of a concomi-
tant latissimus dorsi transfer at the time of RTSA 
should be considered. Although some patients 

with deltoid dysfunction may experience pain 
relief with RTSA [66, 67], Ladermann et al. [68] 
suggest that performing this procedure will only 
moderately improve range of motion, especially 
if the entire deltoid is dysfunctional.

 Immunological Arthritis

Immunological causes of arthritis include rheu-
matoid arthritis (RA) (Fig. 22.21), juvenile RA, 
and arthritis associated with psoriasis, ulcerative 
colitis, Crohn’s disease, and ankylosing spondy-
litis. The major issues in these populations as 
they relate to shoulder replacements typically 
are glenoid bone loss caused by the disease or 
steroid use, rotator cuff tears, and immunologi-
cal suppression leading to infection. Soft bone is 
particularly a concern on the glenoid side, where 
over-reaming of the glenoid can occur during 
surgery, or baseplate fixation may be compro-
mised leading to loosening and baseplate 
failure.

Young et al. [69] reported on 18 shoulders in 
patients with RA treated with RTSA with a mean 
follow-up of 3.8 years. Patients with an intact teres 
minor had better results than those without a func-
tioning teres minor. There were four cases of prox-
imal humerus fracture either intraoperatively or 
postoperatively. The authors recommended con-
sideration of cementing the humeral component in 
such patients. Rittmeister and Kerschbaumer [70] 
reported on eight patients with RA who also had 
torn rotator cuff tendons. There were three base-
plate failures caused by sepsis in one and aseptic 
loosening in two. Although sepsis is a concern in 
these patients, a review of the RTSA literature 
does not show a higher infection rate in this 
population.

 Dislocation Arthropathy

Dislocation arthropathy can result from arthritis 
caused by multiple episodes of shoulder 
 instability, or it can be caused by surgical proce-
dures. The most obvious surgical cause of dislo-
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cation arthropathy is screws or anchors 
penetrating the articular cartilage. The second 
cause is overtightening of the shoulder in inter-
nal rotation associated with posterior humeral 
head subluxation and posterior glenoid wear. 
Many of these patients have substantial glenoid 
wear and deformity from these causes 
(Fig. 22.22). However, many patients also have 
subscapularis tendon dysfunction from the sub-
scapularis tendon detachment and reattachment 

to the lesser tuberosity. The rationale for RTSA 
in these patients is to address not only the severe 
bony glenoid deformity but also the subscapu-
laris dysfunction [71].

Lastly, many of these patients have fixed 
internal rotation contractures, making failure of 
anatomical TSA likely. Studies of anatomical 
TSA show that patients who undergo TSA for 
dislocation arthropathy have the worst out-
comes [72].

a

c

b

d

Fig. 22.21 (a) Anteroposterior and (b) axillary radiographs showing shoulder of a patient with rheumatoid arthritis. 
(c) Anteroposterior and (d) axillary postoperative radiographs after reverse total shoulder arthroplasty
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 Chronic Fixed Dislocations

Although fixed dislocations of the glenohumeral 
joint are uncommon, they can present substantial 
challenges when associated with rotator cuff tear-
ing, glenoid bone loss, and humeral head impac-

tion fractures (Fig. 22.23). In fixed posterior 
dislocations, the patient has a substantial internal 
rotation contracture. In fixed anterior dislocations, 
the patient has similar loss of abduction and 
shoulder rotation. In both instances, glenoid bone 
loss can be substantial and should be evaluated 
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Fig. 22.22 (a) Anteroposterior and (b) axillary preoperative radiographs of a patient with chronic anterior dislocation. 
(c) Anteroposterior and (d) axillary postoperative radiographs after reverse total shoulder arthroplasty
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with CT scanning [73]. In our experience, RTSA 
has produced excellent pain relief but return of 
range of motion is unpredictable.

 Shoulder Dysplasias

Although rare, shoulder dysplasias with arthritis 
and pain can be treated successfully with 

RTSA. These conditions include epiphyseal 
dysplasia, congenital shoulder dislocation–
associated glenoid dysplasia, and Kneist syn-
drome [73] (Fig. 22.24). The main reason to use 
RTSA in these patients is to address bone loss in 
the glenoid. The major goal is pain relief 
because the longstanding tissue contractures 
may make increases in range of motion 
difficult.

a b

c
d

Fig. 22.23 (a) Anteroposterior and (b) axillary preoperative radiographs of a patient with fixed shoulder dislocation. 
(c) Anteroposterior and (d) axillary radiographs after reverse total shoulder arthroplasty
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Fig. 22.24 A 44-year-old woman with glenoid dysplasia. 
(a) Preoperative conventional anteroposterior radiograph 
of the shoulder showing the altered glenoid anatomy, con-
sistent with dysplasia. (b) Preoperative computed tomog-
raphy scan, axial cut, shows narrowed joint space and 
severely distorted articular surfaces of head and glenoid 
(dotted circle). Conventional radiographs of the shoulder 

at 6-month follow-up show a well-fixed prosthesis: (c) 
anteroposterior view, and (d) axillary view. (Reprinted 
with permission from: Hyun YS, Huri G, Garbis NG, 
McFarland EG. Uncommon indications for reverse total 
shoulder arthroplasty. Clin Orthop Surg. 2013;5(4):243–
55. Open access through Creative Commons license.)

M. Baker et al.



321

 Acute Proximal Humerus Fractures

The treatment of proximal humerus fractures con-
tinues to evolve because of the development of cus-
tom proximal humerus plates and the use of RTSA 
in select patients (Fig. 22.25). In patients with good 
bone, who are younger and who have fragments 
capable of fixation, the standard of care for dis-
placed fracture is open reduction and internal fixa-
tion. For patients with poor bone, comminution, 

and lower expectations for function, hemiarthro-
plasty has been the traditional treatment. However, 
the failure rate of hemiarthroplasty is high because 
of tuberosity failure and pain from bone wear by 
the humeral component on the glenoid. Pain and 
loss of motion from failed hemiarthroplasty have 
led some to advocate for RTSA as the first-line of 
treatment rather than hemiarthroplasty [74].

Several studies have compared the results of 
RTSA to hemiarthroplasty for acute proximal 
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Fig. 22.25 (a) Anteroposterior and (b) axillary radiographs of a patient with comminuted fracture of the proximal 
humerus. (c) Anteroposterior and (d) axillary radiographs after reverse total shoulder arthroplasty
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humerus fractures [75]. A systematic review of 
these level-1 and -2 studies found that although 
the range of motion between the two treatments 
was similar, RTSA provided better pain relief 
than hemiarthroplasty [76]. However, neither 
treatment method restored range of motion to 
normal, so patients should be advised that the 
goal of treatment is the ability to reach to the top 
of their heads without pain.

 Malunited Proximal Humerus 
Fractures

Although RTSA has proven successful in treating 
acute proximal humeral fractures, the results of 
RTSA for treating malunited proximal humerus 
fractures (Fig. 22.26) have not been encouraging 
[77]. In a study of the various indications for 
RTSA, Wall et al. [50] found that the group with 

a

c

b

d

Fig. 22.26 (a) Anteroposterior and (b) axillary radiographs of a patient with posttraumatic sequelae. (c) Anteroposterior 
and (d) axillary radiographs after reverse total shoulder arthroplasty

M. Baker et al.
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the least satisfaction were patients with mal-
united proximal humerus fractures. This has been 
attributed to the difficulty of correcting posterior 
subluxation of the greater tuberosity with short-
ening of the infraspinatus and teres minor ten-
dons. Because of soft tissue contracture, the 
fragment cannot be reduced back to the proximal 
humerus to restore external rotation. Also, the 
retention of that fragment can contribute to 
 instability by pushing the implant anteriorly and 
superiorly when the arm is adducted and exter-
nally rotated. Lastly, extensive scar formation 
from the healing of the fracture makes improve-
ments in range of motion difficult.

 Bone Tumors

The use of RTSA for tumors of the proximal 
humerus (Fig. 22.27) has been reported but there 

are no extensive case series documenting its use 
[78]. The use of RTSA for this purpose is chal-
lenging because of the loss of bone support for 
the prosthesis and the loss of soft tissue to 
 maintain reduction. Infection and instability are 
common and difficult to manage [79].

 Primary Shoulder Infections

Although primary shoulder infections are rare, 
they can result in extensive bone and rotator cuff 
destruction [80]. After the infection is con-
trolled with debridement and intravenous antibi-
otics, a 1-stage implantation of RTSA or a 
2-stage reconstruction with an antibiotic spacer 
followed at a later date by RTSA can be per-
formed (Fig. 22.28). Although anatomical TSA 
can be considered in these cases, in our practice, 
RTSA with cementless components is the treat-
ment of choice.

 Failed Hemiarthroplasty

Unfortunately, not all shoulder arthroplasties 
provide immediate or even long-term pain relief 
(Fig. 22.29). The use of humeral-sided hemi-
arthroplasty for younger and active patients 
with osteoarthritis of the shoulder has been 
shown to relieve pain and increase function 
[81]. However, the long-term results are not 
encouraging, as a large percent will fail in the 
first 5 years [82]. The failures are caused by 
various factors such as eccentrically eroded 
glenoids, the  development of glenoid bone wear 
over time, and subscapularis failure [83]. One 
study showed that hemiarthroplasty for this 
population has a 5-year patient satisfaction rate 
of 72% and a 5-year implant survival rate of 
89% [82].

Similar issues are seen with cup arthroplasty 
and partial humeral head replacements or 
“caps” [84]. In any of these partial replace-
ments, the glenoid must be reamed flat to elimi-
nate posterior erosions. Also, the metal surface 
of the implants has contact with the glenoid 
bone and can result in erosion of the glenoid 
over time. The results of RTSA for failed 

Fig. 22.27 Reverse shoulder tumor resection prosthesis 
reconstruction after excision of chondrosarcoma located in 
proximal humerus of a 47-year-old woman. (Reprinted with 
permission from: Guven MF, Aslan L, Botanlioglu H, Kaynak 
G, Kesmezacar H, Babacan M. Functional outcome of reverse 
shoulder tumor prosthesis in the treatment of proximal 
humerus tumors. J. Shoulder Elb Surg. 2016;25(1):e1–6.)
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Fig. 22.28 (a) Radiograph and (b) MRI of septic shoul-
der and osteomyelitis of the glenoid and humeral head. (c) 
Anteroposterior and (d) axillary radiographs after first- 

stage operation, antibiotic spacer insertion. (e) 
Anteroposterior and (f) axillary radiographs after second- 
stage operation

a

c
d

b

M. Baker et al.
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 hemiarthroplasty show that pain relief can be 
achieved, and that range of motion improve-
ments are modest [85, 86].

 Failed Anatomical TSA

Failed anatomical TSA (Fig. 22.30) presents special 
challenges for revision surgery. The major cause for 
the revision largely determines the success. Infected 
TSA presents challenges of eradicating the infec-
tion along with substantial bone loss on the glenoid 
side and potential bone loss on the humeral side. 
Glenoid loosening without infection can be diffi-
cult, especially when a keeled glenoid component 
with cement has worn away the glenoid to produce 
a cavitary defect in the glenoid. Removal of the 
humeral component can result in fractures requiring 
bone grafting or allograft reconstruction. Intense 
scar formation can make the exposure difficult and 
contribute to decreased range of motion postopera-
tively. Despite these challenges, revision of a failed 
TSA to RTSA can produce satisfactory results, 
especially in pain relief [87, 88].

 Revision of Failed RTSA

Since the approval of RTSA by the US Food 
and Drug Administration in 2004, its use has 
increased steadily, with a corresponding 
increase in the number of RTSA revisions. The 
major causes of revision of RTSA are instabil-
ity and infection [89]. Other causes of failure 
(but less commonly for revision) are glenoid 
notching, implant disassociation, and nerve 
injury.

Revision of a failed RTSA (Fig. 22.31) pres-
ents the same challenges as revision of a TSA to 
RTSA. Infection can result in bone loss on both 
the glenoid and humeral side of the joint. 
Instability is often multifactorial and includes 
causes such as a poor or loose soft tissue enve-
lope, component design, lack of deltoid compres-
sive force from loss of the tuberosities, and 
posterior-inferior capsular contracture forcing 
the adducted shoulder anteriorly and superiorly. 
Each of these issues must be considered when 
revising a failed RTSA. There are few studies on 
the results of revision of RTSA [90, 91].

e f

Fig. 22.28 (continued)
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a

c

d

b

Fig. 22.29 (a) Anteroposterior and (b) axillary preopera-
tive radiographs of a patient with failed hemiarthroplasty 
at 62 months after primary operation. (c) Anteroposterior 

and (d) axillary radiographs after revision reverse total 
shoulder arthroplasty

M. Baker et al.
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a b

c d

Fig. 22.30 (a) Anteroposterior and (b) axillary radio-
graphs of a patient with failed total shoulder arthroplasty 
1 year after primary operation. (c) Anteroposterior and (d) 

axillary radiographs after revision reverse total shoulder 
arthroplasty
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 Complications

As indications for the use of the RTSA have 
expanded to include failed TSA and other condi-
tions previously not amenable to successful ana-
tomic arthroplasty, the number and spectrum of 

complications of RTSA have increased. Reported 
complication rates range from 0% to 75% 
(Table 22.4). This high variation is related not 
only to range of follow-up but also to unclear 
definitions of what is considered a complication. 
For example, some studies reported all 

a b

c d

Fig. 22.31 (a) Anteroposterior and (b) axillary radio-
graphs showing failed RTSA with baseplate loosening at 
19 months after RTSA. (c) Anteroposterior and (d) axil-

lary radiographs after revision reverse total shoulder 
arthroplasty

M. Baker et al.
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 complications, ranging from infection to suture 
abscess postoperatively. Some included scapular 
notching as a complication. Others reported only 
complications that resulted in revision surgery.

The incidence of complications after RTSA is 
greater than after anatomic TSA. The reasons for 
this are related to patient factors unique to the 
population undergoing RTSA, including rela-
tively old age, high number of previous 
 operations, and poor bone and soft tissue quality. 
The main complications after RTSA are scapular 
notching, instability, aseptic baseplate loosening, 
infection, nerve injury, intraoperative fracture, 
and component disassociation.

 Scapular Notching

Scapular notching is a complication unique to 
RTSA and is the most common complication of 
RTSA (Table 22.5). Scapular notching is defined 
as the erosion of the lateral pillar of the scapula 
(Fig. 22.32). Although it is believed to be caused 
by mechanical impingement of the inferior 
medial humeral implant on the inferior scapular 
neck with adduction of the upper extremity, the 

role of direct contact or possible particle disease 
is unknown. Notching tends to appear during the 
first year after implantation of the prosthesis, 
sometimes as early as a few months after implan-
tation. The presence of notching can be identified 
with a true anteroposterior view or Grashey view 
of the shoulder. Sirveaux et al. [14] classified 
scapular notching according to the extent of scap-
ular neck erosion seen on the postoperative radio-
graphs. In their classification, grade 1 is confined 
to the pillar, grade 2 extends to the lower screw, 
grade 3 encompasses the screw, and grade 4 
extends under the baseplate (Fig. 22.33).

The relationship between scapular notching 
and symptoms is unclear. Sirveaux et al. [14] 
found that inferior scapular notching is associ-
ated with worse clinical outcomes. Higher grades 
of notching (grades 3 and 4) were associated  
with lower Constant-Murley scores. Similarly, 
Simovich et al. [26] found decreased range of 
motion and increased pain scores in patients with 
the presence of notching. Conversely, Levigne 
et al. [92] reported no correlation between the 
presence of scapular notching and clinical out-
comes such as range of motion or the Constant- 
Murley score. Furthermore, Sadoghi et al. [93] 

Table 22.5 Incidence of scapular notching after reverse total shoulder arthroplasty

Study
No. of 
patients

Scapular 
notching, 
%

Mean 
(range) 
follow-up, 
months

Prosthesis 
(manufacturer)

Sirveaux classification, 
%

Baseplate 
failure1 2 3 4

Sirveaux et al. [14] 80 64 44 
(24–97)

Delta III (Dupuy, 
Warsaw, IN)

33 12 8.7 7.5 NR

Werner et al. [65] 48 96 48 Delta III 54 46 NR

Boileau et al. [101] 38 68 40 
(24–72)

Delta III 47 13 13 0 0

Simovitch et al. [26] 77 44 44 
(24–96)

Delta III 7.8 18 16 2.6 NR

Cuff et al. [97] 96 0 28 
(24–38)

RSP (DJO Surgical, 
Austin, TX)

NR NR NR NR NR

Levigne et al. [92] 337 62 47 
(24–120)

Delta III; Aequalis 
(Tornier, 
Montbonnot, France)

22 18 14 8 1 at 
112 months

Melis et al. [95] 68 88 114 
(96–144)

Delta III 7 19 13 49 0

Levigne et al. [94] 461 68 51 
(24–206)

Delta III; Aequalis 22 23 13 10 NR

NR not reported, RSP reverse shoulder prosthesis
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reported that during follow-up ranging from 2 to 
5 years, there was no correlation between infra-
glenoid notching and clinical outcomes as mea-
sured by Constant-Murley score, DASH score, 
Oxford instability score, Rowe score, and active 
range of motion. When follow-up extended lon-
ger than 5 years, there was a significant correla-
tion between the presence of notching and 
declines in Constant-Murley pain score, active 
elevation, and active external rotation. However, 
there were no correlations with the total Constant- 
Murley score, DASH score, or active abduction.

The timing of the appearance of scapular 
notching and the rate of progression have been 
topics of interest. Early clinical studies reported 
that scapular notching seemed to stabilize and 
did not progress in most patients [65]. However, 
recent studies have shown that the frequency of 
notching increases significantly with follow-up 
time, and the grade typically increases over time, 
as well. In a series of 448 patients, Levigne et al. 
[94] found notching in 48% of cases at 1 year 
postoperatively, 60% at 2 years, and 68% at 
3 years. Melis et al. [95] studied a cohort with a 
mean of 9.5 years of follow-up (range 8–12 years) 
and showed that the incidence of notching 
increased with time. Nyffeler et al. [96] sug-
gested that repetitive contact between the poly-
ethylene of the humeral component and the 
opposing scapular bone may result in wear 

Fig. 22.33 The Nerot-Sirveaux classification of scapular 
notching is shown. Grade 1 (lowest dotted line), confined 
to the pillar; grade 2 (lower middle dotted line), extending 
to the lower screw; grade 3 (upper middle dotted line), 
encompassing the screw; grade 4 (top dotted line), notch-
ing extending under the baseplate. (Reprinted with per-
mission from: Wierks C, Skolasky RL, Ji JH, McFarland 
EG. Reverse total shoulder replacement: intraoperative 
and early postoperative complications. Clin Orthop Relat 
Res. 2009;467(1):225–34.)

a b

Fig. 22.32 (a) Anteroposterior and (b) axillary radiographs showing scapular neck erosion extending to the lower 
screw (grade-2 notching according to Nerot-Sirveaux)

M. Baker et al.
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debris, chronic inflammation, and osteolysis. 
Although some of the notching observed on 
radiographs may be caused in part by osteolysis 
from particle debris, this has not been established 
in RTSA. However, no study has shown that 
scapular notching is associated with eventual 
 glenoid loosening.

The reported incidence of scapular notching 
varies from 0 to 96% (Table 22.5). Notching has 
been found to be caused by various factors. 
Levigne et al. [92] noted that postoperative scapu-
lar notching was seen more frequently in patients 
who had rotator cuff arthropathy, fatty infiltration 
of the infraspinatus, narrowed acromiohumeral 
distance, and superior glenoid erosion, as well as 
those who underwent an anterosuperior surgical 
approach. Superior inclination of the glenosphere 
was identified as a factor that can lead to high 
shear forces between the baseplate and the gle-
noid surface. Preoperatively, it is important to 
determine whether the glenoid has superior tilt 
using a coronal CT scan or to evaluate the glenoid 
morphology with 3- dimensional imaging or 
3-dimensional plastic scapular models. If there is 
a neutral orientation or inferior tilt to the glenoid 
surface, it should be reamed to create up to 10° of 
inferior tilt. However, if there is a superior tilt to 
the glenoid, the glenoid should be reamed to at 
least a neutral position to correct the superior 
inclination. Nyffeler et al. [96] found that inferior 
tilt of the glenoid component can reduce the inci-
dence of scapular notching. Although several 
technical considerations have been proposed to 
help address the issue of scapular notching, 
including tilting the baseplate inferiorly, allowing 
the baseplate to hang over the inferior lip of the 
glenoid, and using an asymmetric glenosphere, 
none of these modifications has been definitively 
proven to alter scapular notching.

Changes in the design of RTSA components 
may have influenced frequency of scapular notch-
ing. One area of controversy has been the rela-
tionship of the COR of the prosthesis as it relates 
to the COR of the normal shoulder. The use of a 
less medial COR has been suggested to produce 
less scapular notching. Cuff et al. [97] felt that 
the more lateral COR helped prevent contact of 
the humeral prosthesis.

Another factor believed to be related to less 
notching is the head-neck angle of the humeral 
prosthesis [98]. Nicholson et al. [99] used a pros-
thesis with a head-neck angle of 150° and 
reported a decreased incidence of scapular notch-
ing at 6 months (0%) and at 14 months (8%) ver-
sus those with a more horizontal component. 
Gutierrez et al. [24] found that reducing the 
humeral component neck-shaft angle had the 
largest effect on inferior scapular impingement 
allowed by inferior placement of the glenosphere 
baseplate relative to the native glenoid in a labo-
ratory RTSA model. In addition, Kempton et al. 
[15] reported that a prosthesis with a neck-shaft 
angle of 143° and a 2.5-mm COR offset had a 
lower incidence of scapular notching (16%) than 
another prosthesis with a neck-shaft angle of 
155° and no COR offset (61%).

 Instability

Instability or dislocation of the RTSA compo-
nents is a common complication of RTSA. Usually, 
these are not subluxations but rather dislocations 
of the humeral component off the glenosphere. 
Instability of RTSA has been reported to occur at 
rates of 0 to 31% (Table 22.6). Dislocation typi-
cally occurs when the humeral component comes 
out anteriorly and laterally (Fig. 22.34). The arm 
often is obviously deformed as it falls into exten-
sion, adduction, and internal rotation.

There are several possible reasons for instabil-
ity of RTSA. Instability can result from inade-
quate tension of the soft tissue envelope around 
the shoulder. This is a concern in patients with 
previous surgery and those who have failed previ-
ous arthroplasty. A second contributing factor is 
believed to be impingement of the humeral com-
ponent on the glenoid with the arm in adduction. 
The last factor is that tight inferior capsular struc-
tures such as those seen with posterior displaced 
greater tuberosities after a fracture can lever the 
component out of the socket laterally. Chalmers 
et al. [100] reported that the variables that 
increased risk of dislocation in RTSA included a 
body mass index higher than 30, male sex, sub-
scapularis deficiency, and previous surgery.
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Table 22.6 Instability rates and risk factors from the literature on RTSA

Study
No. of 
patients

Instability 
rate, %

Prosthesis 
(manufacturer) Primary, % Revision, % Risk factors

Werner et al. [65] 58 8.6 Delta III (DePuy, 
Warsaw, IN)

5 14 NR

Boileau et al. [101] 45 6.7 Delta III 4 10 Insufficient tension 
of deltoid

Wall et al. [50] 191 7.5 Delta III; Aequalis 
(Tornier, 
Montbonnot, 
France)

NR NR NR

Gallo et al. [103] 57 16 Delta III; Encore 
RSP (Encore 
Medical, Austin, 
TX)

10 28 Revision; infection; 
subscapularis 
abnormality

Trappey et al. [111] 284 6 Aequalis 5 8 Subscapularis 
deficiency; fracture 
sequelae

Clark et al. [106] 120 4 RSP (DonJoy 
Surgical, Austin, 
TX)

NR NR NR

Muh et al. [149] 67 7.5 Aequalis NR NR NR

Ortmaier et al. [150] 50 10 Delta III; Delta 
Xtend (Depuy)

0 10 Insufficient tension 
of deltoid

Chalmers et al. [100]a 385 2.9 Trabecular metal 
(Zimmer, Warsaw, 
IN); Aequalis; 
Delta III

NR NR BMI >30; male 
sex; subscapularis 
deficiency; 
previous surgery

NR not reported, RSP reverse shoulder prosthesis
aReported on dislocations occurring in the first 3 months

a b

Fig. 22.34 (a) Anteroposterior and (b) axillary radiographs showing anterior dislocation of prosthesis after reverse 
total shoulder arthroplasty

M. Baker et al.
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Surgical factors have also been implicated as a 
cause of instability. These include decisions the 
surgeon makes about soft tissue tension and posi-
tion. Prosthetic choices such as the glenosphere 
offsets and sizes, version of the humeral prosthe-
sis, thickness of the humeral insert, bony defi-
ciency, and axillary nerve/deltoid dysfunction 
can influence instability. Patients who have a lax 
soft tissue envelope may require a larger sphere 
or thicker humeral polyethylene to achieve proper 
tensioning. Gutierrez et al. [24] recommended a 
humeral neck shaft angle of 130°, lateral offset of 
19 mm, and glenosphere with a 42-mm diameter 
to increase the range of impingement-free 
adduction.

Soft tissue tension during the implantation of 
RTSA can be helpful in preventing instability. 
Boileau et al. [101] suggested that proper ten-
sioning of the prosthesis can be determined by 
palpating the tension generated within the con-
joined tendon after reduction of the implant. 
Ladermann et al. [102] described a radiographic 
method of determining optimal deltoid tension 
on the basis of humeral length, comparing the 
operative side and using the distance from the 
acromion to the epicondyle on scaled radio-
graphs. Instability also may be caused by loosen-
ing and infection. Therefore, patients who 
present with instability after RTSA should be 
evaluated for infection, especially if there is 
component loosening. Instability accompanied 
infection in 44% of cases reported in the litera-
ture [103].

The role of subscapularis repair to the lesser 
tuberosity in the development of postoperative 
instability of RTSA is controversial. Edwards 
et al. [104] suggested that subscapularis reat-
tachment may be beneficial in reducing the rate 
of dislocation. Boileau et al. [101] suggested 
that an anterosuperior transdeltoid approach 
without damage of the subscapularis contrib-
utes to a lower incidence of instability. Ackland 
et al. [105] suggested that in RTSA, the anterior 
and middle deltoid subregion, along with the 
superior aspect of the pectoralis major muscle 
subregion, acts as an abductor, whereas the 
latissimus dorsi, the teres major, and the  inferior 

aspect of the pectoralis major muscle subregion 
act like an adductor, leading to increased ten-
sion and stability. However, Clark et al. [106] 
reported that subscapularis repair had no 
 significant effect on dislocation rates. The role 
of the subscapularis with respect to instability 
is likely related to the design of the prosthesis 
used.

Before reduction of a dislocated RTSA, the 
patient should undergo radiography to rule out 
fractures, component loosening, and disassocia-
tion. A complete neurological and vascular 
examination should also be performed. After 
completing a thorough evaluation, first-line man-
agement of a dislocation typically consists of 
closed reduction, which is best performed with 
fluoroscopic guidance and intravenous sedation. 
If the reduction is unsuccessful, the shoulder can 
be reduced under general anesthesia at a later 
time. The reduced shoulder should be checked 
through a range of motion to determine which 
position produces instability. After closed reduc-
tion, the arm can be braced in a stable position for 
6 weeks or more.

Gerber et al. [107] suggested that dislocations 
in the first 3 months after surgery are most likely 
secondary to surgical error and less likely to be 
successfully treated with closed reduction com-
pared with late dislocations. Conversely, 
Chalmers et al. [100] reported on early disloca-
tion (within 3 months) after RTSA and found 
that four of nine patients remained stable at a 
mean follow-up of 2.5 years. Teusink et al. [108] 
showed that an initial dislocation episode after 
RTSA can be treated successfully with closed 
reduction and temporary immobilization regard-
less of the time since dislocation. If instability 
persists despite closed reduction, attention 
should be directed to correcting any soft tissue or 
component positioning that might be contribut-
ing to the instability. Malposition of implants 
and inadequate soft tissue tensioning should be 
considered indications for revision surgery when 
the instability is recurrent. Treatment options 
include placement of a larger glenosphere or use 
of a more constrained humeral polyethylene 
implant.
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 Aseptic Baseplate Loosening

Baseplate loosening can be aseptic or septic. In a 
review of the Norwegian Arthroplasty Register 
from 1994 to 2005, the authors found the aseptic 
baseplate loosening (Fig. 22.35) rate from 1994 
to 2005 in Grammont-type RTSA to be 5% [109]. 
A systematic review of the literature reported that 
the rate of aseptic loosening in 782 patients with 
RTSA was 3.5% [89]. The most common cause 
of baseplate loosening was poor initial fixation of 
the baseplate. Because the reverse shoulder base-
plate is fixed without cement, sufficient initial 
fixation is critical.

The more recent designs of baseplate compo-
nents may have reduced the incidence of aseptic 
baseplate loosening. The use of multiple or large- 
diameter locking screws, as well as variable- 
angle locking screws, is designed to improve 
initial fixation of the baseplate until bone 
ingrowth occurs. Guides for reaming the glenoid 
in a slight inferior tilt have been theorized to 
decrease the shear forces that can cause baseplate 
failure [23].

The relationship between scapular notching 
and subsequent baseplate loosening and failure 
continues to be debated. The longest clinical 
study of RTSA, with follow-up of more than 

9 years, reported a 32% rate of glenoid loosening 
[110]. Longer clinical follow-up is needed to bet-
ter understand the relationship between scapular 
notching and glenoid loosening. In the previous 
study, the notching rate after 9 years of follow-up 
was 90%. If radiographs show baseplate screw 
failure alone without other signs of movement of 
the baseplate, early removal of the implant can be 
considered. Other factors can also influence base-
plate failure (Table 22.7).

 Infection

Periprosthetic infection after RTSA is difficult to 
treat for several reasons. Infection after RTSA 
(Fig. 22.36; Table 22.8) can lead to severe bone 
loss and poor functional outcome because of 
destruction of rotator cuff tendons that were pre-
viously functioning. Therefore, early diagnosis 
and proper treatment are important to prevent 
severe bone and soft tissue damage. Infection 
rates after RTSA have been reported to range 
from 1 to 15% [111]. According to a systematic 
review of 21 studies including 782 patients, the 
rate of deep infection after RTSA was 3.8% [89]. 
A case series of 301 patients with minimum 
1-year follow-up reported a 5% infection rate 

a b

Fig. 22.35 (a) Anteroposterior and (b) axillary radiographs 19 months after reverse total shoulder arthroplasty show-
ing an aseptic baseplate loosening with broken screw

M. Baker et al.
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[112]. In comparison, the prevalence of deep 
infection after anatomical TSA has been reported 
to range from 0.7 to 3.9% [113, 114].

The reason for the higher infection rate in 
RTSA versus TSA is multifactorial. These 
include the large dead space caused by the reverse 
prosthesis configuration and soft tissue loss, the 
relatively older age of patients who undergo 
RTSA, and history of previous shoulder surger-
ies. The risk of infection after revision to RTSA 
is 7% compared with an infection rate of 1% in 
patients who have not had previous surgery 
[111]. Hematoma formation is a known risk fac-
tor for deep infection, and Gerber et al. [35] 
reported hematoma formation was a risk for 
reoperation in the period immediately after 
RTSA. Patients with rheumatoid arthritis have 
been reported to have a higher infection rate, 
upwards of 9.5%, after RTSA [115]. Morris et al. 
[112] reported history of a prior failed arthro-
plasty and age younger than 65 years as indepen-
dent risk factors for infection after RTSA.

Infection of RTSA should be considered to be 
present in a patient with persistent pain. Pain is 
the most reliable evidence of infection. Most 
patients have no constitutional signs of infection 
or physical signs such as redness, warmth, 
 swelling, or drainage. Laboratory blood test 
results may or may not be abnormal but there are 
many false- negative results [116, 117] for eryth-
rocyte sedimentation rate and C-reactive protein. 
Aspiration can be of some benefit but the accu-
racy of identifying the presence of infection and 
isolating pathogens continues to be debated 
[118]. Loosening of the components, especially 
the humeral component, is nearly diagnostic for 
infection.

The most common organisms isolated from 
culture have changed over the last decade. 
Initially, Staphylococcus species were the most 
common organisms causing infections after 
shoulder arthroplasty. However, recently most 
shoulder arthroplasty infections have been caused 
by Propionibacterium acnes. These organisms 
typically cause chronic, low-grade infections 
with bone erosion and subsequent loosening of 
the prosthesis. This species may require 
10–14 days of incubation in the laboratory to 

ensure proper identification. It is important that 
the laboratory incubate these specimens for at 
least 15 days after aspiration or tissue culturing 
(Fig. 22.36).

The guidelines for treatment of deep infection 
after RTSA are similar to those for other joint 
arthroplasties. Acute infection occurring less 
than 6 weeks after surgery can be treated with 
thorough irrigation, debridement, and polyethyl-
ene exchange. If an infection presents later than 
6 weeks after surgery, which meets the definition 
of a chronic infection, a 2-stage revision is rec-
ommended. The first stage includes prosthesis 
removal, irrigation and debridement, and antibi-
otic spacer insertion, followed by a minimum 
6-week course of parenteral, culture-specific 
antibiotics (Fig. 22.37). The second stage 
involves removal of the spacer and RTSA pros-
thesis reimplantation. At the time of surgery, 
microscopic evaluation of the joint tissue should 
confirm the absence of infection before implanta-
tion of the revision prosthesis. After confirming 
the infection has been eliminated by joint aspira-
tion, inflammatory marker trends, and intraoper-
ative frozen sections, revision surgery can 
proceed.

 Nerve Injury

The incidence of nerve injury after RTSA has 
been reported to be 1.5 to 24% (Table 22.9). This 
is comparable to the reported nerve injury rate 
for TSA of between 2.2 and 20% [119]. 
Ladermann et al. [120] compared patients who 
underwent TSA with a group who underwent 
RTSA. They found that, compared with TSA, 
the relative risk of nerve injury for RTSA was 11 
with an odds ratio of 17 after adjusting for 
patient age. The most common involvement is a 
partial brachial plexus lesion, followed by indi-
vidual nerve injuries. Similar to anatomical 
TSA, the most commonly injured nerve is the 
axillary nerve. Most nerve injuries are neuro-
praxia and fully resolve with no residual 
symptoms.

Nerve injury may be caused by several intra-
operative factors: direct nerve injury by surgical 

M. Baker et al.
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Category

No evidence for
infection

Possible infection

Probable infection More than one positive intraoperative culture and negative preoperative or intraoperative findings

OR

OR

One positive preoperative (aspirate) culture† and one positive intraoperative culture

* Preoperative or intraoperative findings of infection include preoperative clinical signs (swelling, sinus tract, redness,
drainage), positive erythrocyte sedimentation rate or C-reactive protein, positive frozen section, and intraoperative gross 
findings (pus, drainage, necrosis).
† Positive preoperative aspirate has its own category, because it is more definitive then these findings.

At least one positive preoperative or intraoperative finding and one positive culture

At least one positive preoperative or intraoperative finding of infection and more than one positive
intraoperative culture

Definite infection

Negative preoperative or intraoperative finding and one positive intraoprative culture

All negative cultures (tissue or aspirate) and no preoperative or intraoperative findings of infection*

Criteria

Fig. 22.36 Criteria for infection categories. (Reprinted 
with permission from: Grosso MJ, Frangiamore SJ, 
Ricchetti ET, Bauer TW, Iannotti JP. Sensitivity of frozen 

section histology for identifying Propionibacterium acnes 
infections in revision shoulder arthroplasty. J Bone Joint 
Surg Am. 2014;96:442–7.)

Table 22.8 Infection rate after RTSA

Study
No. of 
shoulders

Mean (range) 
follow-up, months

Infection 
rate, % Organisms (no. of cases) Result of surgery (no.)

Boileau et al. 
[101]

45 40 (24–72) 7 NR Resection arthroplasty (2); 
1-stage humeral stem 
revision (1)

Wall et al. 
[50]

191 40 (24–118) 4 NR NR

Zavala et al. 
[158]

137 44 (minimum 12) 6 Propionibacterium, no 
growth (2 each); MSSA, 
MRSA (1 each)

Poly exchange (3); 
resection arthroplasty, 
irrigation and debridement 
(2 each)

Ortmaier et al. 
[159]

192 74 (24–115) 10 Mixed organisms (7); 
Propionibacterium (6); 
Staphylococcus 
epidermidis (4); 
Corynebacterium (3)

Two-stage revision (13); 
resection arthroplasty (4); 
irrigation and debridement 
(2); prolonged spacer 
implantation (1)a

Morris et al. 
[112]

301 Minimum 12 5 No growth (5); MSSA 
(3); MRSA, 
Propionibacterium (2); S. 
epidermidis, coagulase-
negative Staphylococcus, 
Enterobacter (1 each)

Resection arthroplasty 
(11); 2-stage revision (4)

MRSA methicillin-resistant Staphylococcus aureus, MSSA methicillin-susceptible S. aureus, NR not reported
aOutcomes were reported as good or excellent (30%), satisfying (40%), or dissatisfying (30%)
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dissection or nerve stretch by traction on the arm, 
manipulation of the arm in adduction and exter-
nal rotation, and exuberant retractor placement 
[121]. Arm lengthening with RTSA may also 
contribute to nerve injury. Van Hoof et al. [122] 
showed that the RTSA prosthesis can place the 

brachial plexus under tension in a cadaver study 
using a 3D computer model. They found that 
their model estimated strains up to 15% greater 
than anatomic conditions for the lateral root and 
19% for the medial root of the median nerve 
when implanting RTSA components.

a b

c d

Fig. 22.37 (a) Anteroposterior and (b) axillary radiographs showing gross baseplate loosening caused by infection.  
(c) Anteroposterior and (d) axillary radiographs after first-stage revision with a temporary antibiotic spacer
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 Intraoperative Fracture

Intraoperative fractures are uncommon, and 
although they occur mainly on the humeral side, 
glenoid fractures can also occur. Zumstein et al. 
[89] reported 16 intraoperative humeral fractures 
(2%) and seven glenoid fractures (0.9%) in a sys-
tematic review of 782 cases of RTSA.

Intraoperative glenoid fractures typically are 
caused by the reaming process or during implan-
tation of the glenoid baseplate [89]. Preoperative 
CT scanning is helpful to know the glenoid mor-
phology. It also helps the surgeon know preoper-
atively where the glenoid bone is the thinnest and 
whether bone grafting might be needed. The sur-
geon should ensure that the reamer is started 
before contacting the glenoid and should not 
ream beyond the subchondral bone. It is impor-
tant to ream cautiously to prevent the reamer 
from catching on the edge of unreamed subchon-
dral bone, causing the reamer to torque off and 
fracture the glenoid [121].

Treatment of an intraoperative glenoid frac-
ture primarily depends on the location and extent 
of the fracture. The major consideration is that 
stability of the baseplate not be compromised. If 
the fracture is into the central hole of the base-
plate, then stability of the baseplate may be com-
promised. In some cases, bone grafting and 
reliance on peripheral screw fixation may be suf-
ficient. In rare instances, the central fixation of 

the baseplate may be moved to a portion of the 
glenoid not fractured. If there are grossly unsta-
ble fragments, then consideration should be 
given to bone grafting and performing hemi-
arthroplasty with RTSA as a second stage. 
Fracture fragment fixation in such cases can be 
technically demanding, and unless secure fixa-
tion can be obtained, 2-stage reconstruction 
should be considered [123].

The major risk factor for humerus fracture is 
previous surgery, especially a previous arthro-
plasty with either a cemented or cementless 
humeral stem [124]. The proximal humerus is 
frequently osteopenic, especially if cemented 
humeral stems are implanted. Avoiding excessive 
torque while placing the arm in adduction or 
extension during preparation and reaming of the 
humeral canal and reaming the canal by hand are 
recommended [121].

As in anatomical TSA, the management of 
humeral fractures in RTSA depends on the 
location and extent of the fracture. If the 
humeral fracture occurs at the metaphysis or 
tuberosities, it can be treated with cerclage 
fixation or reattachment of the fragment. 
Repair of the external rotators and greater 
tuberosity should be attempted to avoid weak-
ness in external rotation. Fragment excision is 
discouraged unless the fragments are too com-
minuted to repair. Lesser tuberosity fractures 
are important mainly if they are large enough 

Table 22.9 Summary of neurologic injury after RTSA

Study
No. of 
patients

Mean (range) 
follow-up, 
months

Neurologic 
injury rate, % Nerve

Mean time to 
recovery, months Recovery

Werner et al. [65] 58 48 1.7 Axillary NR Complete

Boileau et al. [101] 45 40 (24–72) 2.2 Axillary 36 Limited

Levy et al. [85] 29 NR 3.4 Radial NR Complete

Kempton et al. [148] 192 19 (6–49) 3.6 NR Several weeks Complete

Ek et al. [151] 40 93 
(60–171)

5 Radial; 
brachial 
plexus

6 (radial nerve) 
and 12 (brachial 
plexus nerve)

Complete

Muh et al. [149] 67 36 (24–77) 1.5 Radial 30 (most recent 
follow-up)

Limited

Ball et al. [160] 116 NR 24 Median 24 (maximum) Slow (most 
by 6 months)

NR not reported
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to affect the stability of the humeral implant. If 
fracture of the humeral diaphysis occurs before 
humeral implantation, there are several options. 
The first is to use cerclage wires around the 
shaft proximally. If necessary, these can be 
augmented with autograft from the humeral 
head or with allograft either as morselized 
bone or strut augmentation. Plate-and- screw 
fixation may be needed if the fracture is exten-
sive and at the tip of the prosthesis. Lastly, the 
use of a longer stem to bypass the fracture site 
can be considered. Cementing the stem can 
also ensure that the prosthesis is stable after 
fracture fixation. A fracture after humeral stem 
 implantation should be treated according to its 
location. Proximal fractures can be treated 
with a combination of cerclage wires or plates 
and screws. More distal fractures may need to 
be repaired with plates and screws or conver-
sion to a long- stem prosthesis [121, 123].

 Component Disassociation

Component disassociation can be a devastating 
complication, but fortunately it is rare. There are 
three types of disassociation. The glenosphere 
can come off, the polyethylene can come out of 
the component, or the humeral component can 
become unscrewed. Displacement of the gleno-
sphere from the baseplate occurred in prosthetic 
designs used before 1995. It led to a change in the 
prosthetic design using a Morse taper between 
the glenosphere and baseplate. Despite using a 
Morse taper, Middernacht et al. [125] reported 
glenosphere disengagement in 16 of 479 patients 
(3.3%) with RTSA. The authors found 13 cases 
of partial disengagement, in which the central 
screw was intact and the glenosphere remained 
seated on the baseplate but with a clear step-off 
on radiographs, and three cases of total disen-
gagement of the glenosphere from the baseplate. 
Cusick et al. [126] reported 13 glenosphere dis-
sociations (total disengagement), which was less 
than 1% of their 1800 patients. They concluded 
that glenosphere dissociation was caused by 
trauma, improper taper engagement, or larger 
diameter glenospheres (40 or 44 mm).

Disassociation of the implant also can occur 
with the unscrewing of the metaphysis-diaphysis 
(Fig. 22.38) joint in the modular humeral compo-
nent [113, 127–129]. Unscrewing of the humeral 
component typically occurred in patients with prox-
imal humeral bone deficiency treated with a modu-
lar humeral component. Two of three cases of 
humeral component unscrewing reported by De 
Wilde and Walch [128] suggested that the mecha-
nism of unscrewing can be explained by blockage 
of the epiphysis against the anterior wall of the gle-
noid in maximal internal rotation during forearm 
flexion. Ansari et al. [127] found extensive metal-
losis in two cases that had unscrewing of the 
humeral component at the time of removal. They 
proposed that metal debris released from fretting 
wear at the unstable screw joint can cause major 
tissue damage. Also, the authors reported one frac-
ture that occurred at the metaphysis- diaphysis screw 
junction. They suggested that three factors (lack of 
proximal bone support, reduction of the cross-sec-
tional diameter, and stress concentration provided 
by the through- hole) contributed to a weaker 
metaphysis- diaphysis interface in this case. Both 
studies suggested that unscrewing of the humeral 

Fig. 22.38 Radiograph showing unscrewing of the 
metaphysis-diaphysis joint
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prosthesis can be prevented by improved prosthetic 
design.

Questions
Common complications seen with RTSA for 
three- and four-part humeral fractures are:
 A. Complex regional pain syndrome
 B. Scapular notching
 C. Tuberosity malunion
 D. All of the above

Commonly found micro-organisms are (select all 
that apply):
 A. Staphylococci
 B. Propionibacterium acnes
 C. Streptococci
 D. Escherichia coli

According to level-1 studies, there is strong evi-
dence to support that four-part fractures of the 
proximal humerus in elderly patients should be 
treated with:
 A. Hemiarthroplasty rather than reverse shoul-

der arthroplasty
 B. Reverse shoulder arthroplasty rather than 

hemiarthroplasty
 C. Both techniques are equally effective
 D. No high-level studies exist to support this 

yet
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Resection Arthroplasty

Ulunay Kanatli, M. Baybars Ataoğlu, 
and Mustafa Özer

 Glenohumeral Joint Resection 
Arthroplasty

Infections following the shoulder arthroplasty are 
severe complications creating morbidity in 
patients. Infection rate following primary shoul-
der arthroplasties is reported to be between 0.4 
and 15% in the literature [1–3].

There exist diagnosis and treatment algo-
rithms described for infections after joint replace-
ment procedures, especially for hip and knee. 
Diagnosis criteria for infections following arthro-
plasties are; C-reactive protein (CRP), erythro-
cyte sedimentation rate (ESR), and culture or 
histopathological assessment of the joint fluid 
and tissue. In contrary to knee and hip, those 
parameters are mostly not demonstrated in the 
shoulder [4]. Although the gold standard for the 
diagnosis of infection following a shoulder 
arthroplasty is intraoperative cultures obtained 
during the revision procedure, the most common 
responsible agent is Propionibacterium acnes, as 
a less virulent organism. It is a challenging issue 

to identify this organism by cultures [5–7]. 
Therefore, culture should be observed at least 2 
weeks, especially for the cases which are strongly 
debated of developing an infection. More aggres-
sive treatment options might be more favourable 
for the cases during which these organisms are 
isolated.

The duration between the arthroplasty and the 
infection development is an essential element of 
the treatment choice. Sperling et al. described the 
infection timing as acute (<3 months), subacute 
(>3 months and <1 year), and late (>1 year) [8]. 
Considering the general situation of the patient 
and that time, one of the treatment options includ-
ing debridement with polyethylene exchange, 
single-stage revision, two-stage revision, resec-
tion arthroplasty (RA) or arthrodesis could be 
performed. The most rational treatment option in 
infection management is the removal of implants. 
The gold standard infection management after 
the knee or hip joint replacement procedures is 
accepted to be the two-stage revision surgery. 
However, there is no consensus yet in the litera-
ture which treatment option is superior for the 
infection developed following a shoulder arthro-
plasty [3, 9]. Even though only a debridement of 
the shoulder joint could be performed in acute 
post-arthroplasty infections, subacute or chronic 
infections can be managed by RA considering the 
clinical situation and postsurgical expectation of 
the patient, in addition to one-stage (select cases) 
or two-stage revision surgery [3, 9, 10].
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The RA had been performed in the history for 
the management of unreducible fractures, septic 
arthritis with osteomyelitis, war injuries, and per-
sistent symptomatic glenohumeral arthritis [11–
13]. It was reported in 1916 that the shoulder 
functions were likely to be lost after an RA [11]. 
With the development of technology and modern 
medicine, treatment of these disorders is now 
achievable. Despite the development in these 
fields, RA sometimes becomes the most rational 
and the only option for the treatment, especially 
in cases with implant failures. In the cases with 
painful shoulders, Gariepy [14] has described the 
glenoidectomy in which a smoother surface 
could be obtained by resecting a 7–8 mm diame-
ter portion of the glenoid surface.

The reported infection rate after total shoulder 
prosthesis procedures is between 0.7% and 2.7% 
while after partial shoulder prosthesis procedures 
it was 1.3% [15, 16]. This rate is reported between 
2% and 18.8% after reverse shoulder replace-
ment procedures [17–19]. Total shoulder prosthe-
sis is the salvage procedure performed for the 
management of the deep infections developed 
after partial or reverse shoulder arthroplasties. 
After the resection arthroplasties, despite the 
decrease in pain and increase in daily activity, 
significant functional disability occurs in patients. 
In 1985, Coifed [20] reported 50–66% decrease 
in pain with RA.

Sperling et al. [8] reported pain relief in 10 of 
11 patients 2 years after resection shoulder 
arthroplasty, but good function only in two 
patients, and also reported sufficient surgery, 
considering the functional status, in only three 
patients. Braman et al. [21] investigated 20-month 
follow-up outcomes of seven patients and 
reported that all patients were able to bring their 
operated side hand to their mouth, hip pocket, 
and contralateral axilla, but were still having a 
functional disability. Debeer et al. [11] reported 
poor functional outcomes despite the excellent 
pain relief in seven patients and emphasized that 
the RA of the shoulder should be considered in 
elderly patients with intolerable pain. Weber 
et al. [22] compared the RA with two-stage revi-
sion surgery. In the functional assessment, fol-
lowing the two-stage revision surgery Constant 

Score was 40.1 while it was 32.7 following the 
RA. Therefore, they stated that the RA was a rea-
sonable option to perform in patients with 
infected shoulder arthroplasty. Rispoli et al. [23] 
reported the mean 8.3-year follow-up outcomes 
of 18 patients with RA, and they did not encoun-
ter recurrent infection in 13 patients that they per-
formed RA for infected shoulder arthroplasty. 
Although the pain was significantly reduced, 
Neer’s limited goals criteria were sufficient in 
only two patients because of the functional dis-
ability. Stevens et al. [24] reported that five of 
their seven patients (71%) were satisfied with RA 
surgery, six (86%) stated that they would prefer 
RA if they had a second chance, and five (71%) 
were able to perform daily activities. They 
emphasised that if the patients have fair expecta-
tions, they generally would be satisfied with RA 
procedure performed for appropriate indications. 
Much et al. [25] investigated the results of RA 
performed following the reverse, total, and par-
tial shoulder prosthesis procedures, and found the 
RA performed following a total shoulder pros-
thesis had significantly more decrease in active 
forward elevation. They attributed this finding to 
low muscle volume to provide an adequate shoul-
der function. Verhelst et al. [26] reported that the 
preservation of humeral head tuberosities was a 
good prognostic factor for good functional 
results.

Themistocleous et al. [27] reported adequate 
pain and infection control in 11 patients with 
cement spacer. Verhelst et al. [26] compared 
patients that they implemented permanent cement 
spacer with patients they did not. They found no 
significant difference between two groups in 
terms of functional outcomes and infection con-
trol after mean 46.4-month follow-up. They 
reported higher complication rate in patients with 
a spacer and also stated that glenoid erosion 
could be developed, especially in patients with 
stemmed spacers. Stine et al. [28] stated that bet-
ter outcomes could be obtained with larger spacer 
heads. Especially in resections performed for 
infections, though it makes sense, placing an 
antibiotic-impregnated spacer is not found 
 efficacious yet (Fig. 23.1). İndications for RA: 
(1) uncontrollable infection, (2) uncontrollable 
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pain, (3) insufficient bone reserve for revision, 
(4) insufficient soft tissue and muscle support, (5) 
elderly patients not demanding additional sur-
gery, (6) patients to be unable to deal with an 
additional surgery, (7) patients with morbidity 
risk because of recurrent surgeries (Table 23.1).

With the improvement in technological facili-
ties and the increase in life-expectancy, the fre-
quency of arthroplasty practice and 
correspondingly revision procedures is rising. 
Resection arthroplasty can be a reasonable option 
if a revision procedure is not going to be per-
formed when the arthroplasty fails (loosening, 
mechanical insufficiency, infection, and peripros-
thetic fracture). Resection arthroplasty decision 
is usually given intraoperatively following the 
assessment of bony and soft tissue status. The 
patient must be informed in detail about the sur-
gical options according to the patient’s clinical 
condition. Cold et al. [29] compared the mean 
51-month outcomes of 13 patients that they 

 performed single or two-stage revision with 5 
patients that they performed resection arthro-
plasty for infected shoulder arthroplasties. The 
pain relief was similar in both groups while func-
tional results were significantly better in revision 
arthroplasty group. There was no recurrent infec-
tion in both groups.

Ninety percent of patients with rheumatoid 
arthritis are suffering from shoulder disorders 
[30]. Resection arthroplasty can be performed for 

a b

Fig. 23.1 Anteroposterior radiographs showing (a) reverse shoulder prothesis for the treatment of complex proximal 
humeral fracture. The implant is loose with infection, and (b) resection arthroplasty with spacer

Table 23.1 Indications for resection arthroplasty

Resection arthroplasty indications

Uncontrollable infection

Uncontrollable pain

Insufficient bone reserve for revision

Insufficient soft tissue and muscle support

Elderly patients not demanding additional surgery

Patients to be unable to deal with an additional surgery

Patients with morbidity risk because of recurrent 
surgeries

23 Resection Arthroplasty
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implant failure or infection after an arthroplasty 
performed for degenerative arthritis which was 
developed on the ground of rheumatoid arthritis. 
Risk factors in addition to rheumatoid arthritis 
for an infection are diabetes mellitus, immuno-
suppression, malnutrition, elderliness, having a 
history of infection.

 Surgical Technique

Patients are positioned in beach-chair position. 
The deltopectoral approach is used for resection 
arthroplasties as in primary arthroplasties. The 
shoulder is dislocated following the glenohu-
meral exposure. First, polyethylene insert, and 
then the other prosthesis components attached to 
humerus and glenoid are excised. When neces-
sary, humerus osteotomy can be performed and 
the cement is curetted. If feasible, anterior cap-
sule and subscapularis muscle reattachment to 
humerus like interposition may be reasonable for 
maintaining the shoulder stability. Muscle and 
soft tissue layers are sutured after placing a drain. 
The shoulder is protected in a sling.

 Postoperative Rehabilitation

Postoperatively, immobilisation in a sling is pre-
scribed for 6 weeks. After assuring the lack of any 
wound drainage and terminating the vacuum 
drain, pendulum exercises and passive range of 
motion exercises are urged on in the early postop-
erative period as the patient can tolerate the pain. 
After the sixth week, the active-assisted and active 
range of motion exercises are initiated gradually.

 Instability

It can be performed in patients with functional 
insufficiency encumbering the daily activity 
because of a dislocated shoulder and also in those 
incompatible to postoperative rehabilitation pro-
tocols or in those with medical comorbidity 
obstacle for additional complicated surgery pro-
cedures. Rowe and Zarins [31] performed resec-

tion arthroplasty in patients with chronic 
glenohumeral dislocation and reported good out-
comes. There are not enough investigations on 
resection arthroplasty for a glenohumeral insta-
bility to designate the indications.

 Unfunctional Deltoid Muscle

Arthrodesis can be performed for painful shoul-
ders in patients with deltoid muscle injury or 
axillary nerve palsy to obtain pain relief. In these 
patients, primary resection arthroplasty is not a 
rational option because of the unstable, nonfunc-
tional, and painful shoulder risk.

In conclusion, resection arthroplasty is an effi-
cient palliative salvage procedure that provides 
significant pain relief with a poor functional out-
come for an eradication of infection in selected 
patients. With this procedure, significant pain 
relief and functional limitation are provided 
despite the ability to perform daily activities. 
These factors should be described to patients in 
detail to shape the expectancy of the patient in 
this way to improve the satisfaction rate. 
Resection arthroplasty must not be designated as 
an alternative to revision arthroplasty procedure.

 Acromioclavicular Joint Resection 
Arthroplasty (Distal Clavicle 
Resection)

Acromioclavicular degenerative arthritis is a 
common cause of pain and functional disability. 
Non-surgical methods like drugs, activity restric-
tion, and intra-articular injections are attempted 
initially for its treatment. If these methods fall 
short, surgical intervention is indicated. Distal 
clavicle resection is being implemented over 
50 years [32] (Fig. 23.2). Formerly, this proce-
dure was being implemented with an open tech-
nique by dissecting the deltopectoral fascia off of 
the clavicle. Today, it is being done preserving 
the acromioclavicular joint capsule less inva-
sively with arthroscopy, thus also taking the 
advantage of the opportunity to intervene in 
potential additional intra-articular pathologies 
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[33]. There exist two approaches being used in 
arthroscopy which are named as direct and indi-
rect approaches. While an intra-articular resec-
tion is being performed in the direct approach, 
acromioclavicular joint is viewed inferiorly by a 
subacromial approach in the indirect approach. 
The most important advantage of the indirect 
approach is the convenience to perform addi-
tional procedures by this access. In the 
arthroscopic technique, joint instability can be 
avoided by virtue of preservation of the acromio-
clavicular joint capsule. The distal clavicle resec-
tion is indicated in degenerative joint disease and 
osteolysis and relatively contraindicated in acro-
mioclavicular joint instability. A failure after the 
resection procedure could be attributed to insuf-
ficient resection, bony impingement, or instabil-
ity caused by over-resection.

Surgical treatment of acromioclavicular joint 
degeneration should be planned after considering 
the potential copathologies. Acromioclavicular 
joint type, acromion type, osteophytes, the exis-
tence of os acromiale, and subchondral cysts also 
should be assessed with radiographs. The condi-
tions related with poor outcomes are a persistent 
pain, heterotypic ossification, instability caused 
by over-resection, and bony impingement caused 
by incomplete resection [34].

 Surgical Technique

The distal clavicle resection can be performed in 
lateral decubitus or beach-chair position consid-
ering the copathologies to be intervened and sur-
geon’s experience. The standard shoulder 
equipment is adequate for this procedure. Firstly, 
osseous landmarks are designated with a surgical 
skin marker (anterolateral and posterolateral cor-
ners of the acromion, lateral edge of acromion, 
spine of scapula, posterior aspect of clavicle, and 
acromioclavicular joint).

Indirect approach; Shoulder arthroscopy is 
initiated by the standard posterior portal. After 
intervening to subacromial pathologies by the 
virtue of anterior portal constituted through the 
rotator interval, the subacromial space is then 
viewed. The pathologies in this region are inter-
vened through the lateral portal. Then, the ante-
rior working portal is constituted after 
determining with a spinal needle at the inferior 
aspect of the acromioclavicular joint. If the pos-
terior portal is being used as a viewing portal, 
posterior aspect of the acromioclavicular joint 
should be debrided towards the medial aspect of 
it by a radiofrequency probe or an arthroscopic 
shaver to view the cite clearly that the procedure 
to be performed. The soft tissue at the inferior 
aspect of the acromioclavicular joint and inferior 
joint capsule is removed by a radiofrequency 
probe or an arthroscopic shaver to expose the 
inferior aspect of the joint beforehand. The bleed-
ing tissues should be seared to sustain the clear 
view during the resection. The resection amount 
and borders are determined by decorticating the 
inferior aspect of the planned resection cite by an 
arthroscopic burr inserted through the anterior 
working portal. The resection of the inferior 
aspect of the joint is pursued from anterior to 
posterior considering the determined resection 
amount. The posterior capsular ligament should 
be protected to sustain the acromioclavicular 
joint stability. The surgeon should be careful and 
meticulous during the resection of the posterior 
cortex, and he/she must separate the bony tissue 
off of the ligamentous tissue. The superior acro-
mioclavicular ligament and joint capsule are the 
mainstays of the joint stability after the resection. 

Fig. 23.2 Anteroposterior radiograph showing a resec-
tion of distal clavicle
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The most important advantage of the arthroscopic 
surgery is its superiority over the open surgery in 
the preservation of the joint capsule and superior 
acromioclavicular ligament. Eight to ten millime-
ters resection is efficient for an appropriately per-
formed procedure. After completing the 
procedure, the posterior-superior cite of the joint 
should be reassessed because of being the most 
associated cite with a potential insufficient resec-
tion. After being assured of a symmetric and a 
sufficient resection and removal of the osteo-
phytes, the procedure can be ended.

Direct approach; This can be performed in 
select young patient groups with an isolated acro-
mioclavicular joint pathology like osteolysis of 
the distal clavicle. It can be a rational choice 
because of not traumatising the subacromial 
space and bursa in isolated cases. However, 
assessment of the intra-articular pathologies 
before the resection is crucial because of being 
the gold standard for the diagnosis of pathologies 
accompanying to acromioclavicular joint disor-
ders. In the direct approach, 2.7 mm diameter 
arthroscope is used. The portals are constituted 
on the fictitious line lying anteroposteriorly con-
stant with the acromioclavicular joint. The poste-
rior viewing portal is constituted through the 
posterior aspect of the acromioclavicular joint. 
The anterior portal is constituted following the 
spinal needle insertion and determining the exact 
entry point of the portal. The soft tissue at the 
inferior aspect of the acromioclavicular joint and 
inferior joint capsule is removed by a radiofre-
quency probe or an arthroscopic shaver to expose 
the inferior aspect of the joint beforehand. Then, 
the anterior aspect of the joint is exposed meticu-
lously as the superior acromioclavicular ligament 
and capsule are protected. The resection amount 
and borders are determined by decorticating the 
inferior aspect of the planned resection cite by an 
arthroscopic burr inserted through the anterior 
working portal. The resection process is then ini-
tiated from anteroinferior to anterosuperior con-
sidering the determined resection amount and 
kept on resecting towards the posterior aspect. 
Then, the arthroscope is inserted through the 
anterior portal and the burr to the posterior portal 
in order to resect the posterior aspect of the joint 

properly. Eight to ten millimeter resection is pre-
ferred for an appropriate distal clavicle resection. 
After completing the procedure, the posterior- 
superior cite of the joint should be reassessed 
because of being the most associated cite with a 
potential insufficient resection. Assuring a sym-
metric and a sufficient resection and removal of 
the osteophytes, the procedure can be ended.

 Postoperative Rehabilitation

Patients who underwent isolated distal clavicle 
resection are prescribed immobilisation with a 
sling postoperatively for the pain control. 
Postoperative active and passive range of motion 
exercises are begun on the postoperative first day 
to preclude postoperative shoulder stiffness. 
After the sixth week, overhead activities are 
begun under the control of the range of shoulder 
motion. Lifting heavy objects is not allowed first 
3 months because of the weakening of the acro-
mioclavicular ligamentous structures which are 
crucial in joint stability. Returning back to sports 
is allowed after the third month.

 Literature

Arthroscopic distal clavicle resection for acro-
mioclavicular degenerative arthritis is reported 
to have 88–100% good or excellent outcomes 
[33, 35, 36]. Satisfactory results in returning to 
physical activity after an arthroscopic distal 
clavicle resection were reported also in athletes 
[37]. Snyder et al. [38] found that 16% of 
patients developed calcification in the rotator 
interval following the arthroscopic distal clavi-
cle resection, but this finding was not associated 
with outcomes. Flatow et al. [39] found a mild 
acromioclavicular joint instability after an 
arthroscopic distal clavicle resection, which 
affected the  outcomes negatively. In the litera-
ture, the recommended resection amount is 
5 mm–2 cm [40–42]. However, there is no con-
sensus yet in resection amount necessary for 
preserving the contact between the acromion 
and the clavicle.
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 Sternoclavicular Joint Resection 
Arthroplasty (Proximal Clavicle 
Resection)

As very rare conditions, sternoclavicular degen-
erative arthritis (SDA) and sternoclavicular sep-
tic arthritis (SSA) could be treated also by the 
sternoclavicular joint resection (SJR). The ster-
noclavicular joint involvement is seen only 0.5–
1% of the septic arthritis cases [43]. In SDA, 
pain and disability may occur, but fortunately, 
most of the symptoms regress spontaneously. 
Persistent pain and shoulder disability despite 
the conservative and palliative treatment can be 
managed by surgical interventions like resection 
arthroplasty. There exist studies reporting good 
or excellent outcomes with open resection tech-
nique [44, 45]. In open resection, there are 
the risks of postoperative instability caused by 
joint capsule opening and vital structure injury 
caused during the posterior resection. 
Tayakkolizadeh et al. [46] described the advan-
tages of the arthroscopic SJR as less surgical 
trauma, less vital structure injury risk, less post-
operative instability, and less cosmetic prob-
lems. Arthroscopic SJR is reported as an 
appropriate option for selected patients with 
symptomatic SDA [47, 48].

 Surgical Technique

Arthroscopic SJR is executed in the supine posi-
tion. The joint stability is assessed following the 
anaesthesia induction. Bony landmarks are des-
ignated (medial clavicle and lateral sternum). 
The joint is perforated by a spinal needle inserted 
anteroinferiorly, and the joint capsule is inflated 
by injecting physiologic sodium chloride solu-
tion. Then, 2.7 mm diameter arthroscope is 
inserted bluntly through the inferior viewing 
portal, which is at the anteroinferior aspect of the 
joint, in a superior direction and in a careful way 
not to penetrate the posterior aspect of the joint. 
The sternoclavicular ligament and capsule are 
protected as possible. The superior portal, also 
used as the working portal, is constituted after 
determining the appropriate angle with a spinal 

needle at the anterosuperior aspect of the joint. 
The posterior joint capsule should be preserved 
because of being crucial for the joint stability 
and adjacent to vital structures [49]. The resec-
tion amount should be 5–10 mm [50, 51]. Firstly, 
the joint cavity debridement is performed pro-
tecting the joint capsule and ligamentous struc-
tures for a clear view. Then, 7–8 mm diameter 
portion of the medial clavicle is resected by a 
burr inserted through the superior portal. 
Subsequently, the joint surface of the sternum is 
debrided, and the remnant intra-articular disk is 
excised. After completing the resection proce-
dure, stability and a potential impingement 
owing to a bony tissue should be controlled by 
moving the shoulder as the arthroscope is still in 
the joint.

 Postoperative Rehabilitation

Patients are prescribed immobilisation with a 
sling postoperatively for the pain control. 
Postoperative active and passive range of motion 
exercises are begun on the postoperative first day 
to preclude postoperative shoulder stiffness. 
After the sixth week, overhead activities are 
begun under the control of the range of shoulder 
motion. Lifting heavy objects is not allowed first 
3 months because of the weakening of the sterno-
clavicular ligamentous structures.

 Literature

There exist fair results with resection arthro-
plasty for the SDA in the literature [44, 45]. The 
superiority of arthroscopic SJR over open SJR 
are the feasibility of assessment of intra-articu-
lar disks and joint surfaces thoroughly, less sur-
gical risks thanks to the appropriate instruments 
placed into the joint, rapid healing, and less cos-
metic problems [47]. In a study evaluating ten 
patients  followed- up for a mean of 28 months 
who underwent arthroscopic medial clavicle 
resection for a sternoclavicular osteoarthritis 
reported satisfactory outcomes with no compli-
cation [48].
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Questions
What are reasonable expectations after resection 

arthroplasty of the shoulder?
 A. Pain relief
 B. Return to sports activities
 C. Full range of motion
 D. All the above

Indications for resection arthroplasty can be all 
the above except:

 A. 65 yo male with chronic not-controlled 
infection

 B. 75 yo male with disabling shoulder pain
 C. 69 yo female with inadequate bone reserve 

for revision
 D. 52 yo male with a failed reverse total 

shoulder arthroplasty that want to retain
 E. 50 yo female with insufficient soft tissue 

and muscle support
 F. 85 yo male not demanding additional surgery
 G. 80 yo female unable to handle an addi-

tional surgery
 H. 72 yo male with morbidity risk because of 

recurrent surgeries

Most common reason for failure after distal clav-
icle resection procedure are (select all that apply):

 A. Insufficient resection
 B. Nerve injury
 C. Bony impingement
 D. AC-joint instability caused by 

over-resection
 E. Infection
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Revısıon Shoulder Arthroplasty

Ulunay Kanatlı, M. Baybars Ataoğlu, 
and Mehmet Cetinkaya

With the development of technology and 
improvement in implant options and quality, 
implantation of the shoulder prosthesis (SA) has 
increased as the other surgical implants. Thus, 
the rate of shoulder prosthesis procedures has 
also increased. A study conducted to evaluate 
the increment in the rate of arthroplasties per-
formed between 2006 and 2010 found 29% for 
the shoulder while that was 10% for the knee 
and 1% for the hip. This was attributed to the 
increase in usage of shoulder prostheses com-
pared to other prosthesis types and especially 
expansion of the indications because of the 
coming into use of the reverse shoulder prosthe-
sis designs [1]. Shoulder prostheses were found 
to have 90% 10-year and 80% 15-year survival 
rates [2, 3]. In another study, the 15-year sur-
vival rate of the SA is given as 87% with 15% of 
complication rate [4]. Sing et al. found 20-year 
survival rate of the anatomic SA as 81% and 
stated risk factors for revision surgery [5] of 

which those leading are; accompanying rotator 
cuff tears, male sex, and an accompanying 
tumours [5]. In a recent compilation, complica-
tion rate following the SA was reported as 39%, 
and most common complication was reported as 
loosening [6]. To avoid an early revision follow-
ing the SA, a meticulous surgical execution, and 
soft tissue balance is crucial [7].

Reasons for total shoulder prosthesis revision:

 Infection

The infection rate of SA is not high in comparison 
with the hip and knee prosthesis procedures. This 
rate is reported as 1–10% in SA [8]. Usual infec-
tion symptoms, wound inflammation, and fistuli-
zation are the most explicit findings of infection. 
The existence of infection should be investigated 
systematically. Pain persisting after the surgery, 
elevated blood levels of erythrocyte sedimenta-
tion rate (ESR), white blood cell (WBC), c-reac-
tive protein (CRP), interleukin-6 (IL-6), and 
loosening of the both components should remind 
infection in patients having immunodeficiency, 
diabetes mellitus, radiotherapy and in patients 
who underwent shoulder arthroplasty for inflam-
matory arthritis [1, 9]. The agent is typically 
Staphylococcus aureus or Propionibacterium 
acnes [8]. A joint puncture is recommended in 
suspicious cases. In a multicenter study, it was 
reported that out of the patients presented with 
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infection after an SA, 97.7% were having pain, 
54.5% flowing fistula, 47.7% warmness and red-
dishness, and 61.4% osteolysis and loosening [8]. 
In the same study, culture results were positive in 
77%, the agent was a Gram-positive cocci in 70%, 
and early infections were caused by S. aureus in 
34.1%. However, in that study, no bacteria was 
isolated preoperatively in 65.9% of patients, and 
neither intraoperatively in 22.7%. Therefore, the 
authors pronounced the importance of gathering 
the materials during the surgery for microbiologic 
examination [8]. The mediums must be observed 
at least 3 weeks to isolate P. acnes of which 
awareness have increased recently. Whether on 
the ground of glenoid or humeral component, the 
success rate of revisions for infection is inferior 
to that for loosening [7].

 Instability

The rate of instability is 30% in the usual SA 
complications [6]. It can be avoided during the 
initial surgery. Therefore, this step should be 
executed meticulously. It occurs as a result of 
multifactorial reasons. However, instability 
commonly develops because of the three reasons 
described below.

 1. Malposition of the prosthesis components 
(alignment, height);
 (a) Excessive retroversion causes posterior 

instability and excessive anteversion ante-
rior instability. A too small head or a short 
humeral component compromises the soft 
tissue tension and pave the way for the 
instability [6].

 (b) A glenoid component placed to a posteri-
orly defective glenoid surface may cause 
posterior instability.

 2. Capsule; Posterior capsulorrhaphy or a loose 
posterior capsule may give birth to instability

 3. Rotator cuff; Absence of the rotator cuff in 
patients who underwent non-constrained 
anatomic prostheses may cause static and 
dynamic instability, commonly the former 
with accompanying superior humeral head 

migration. The dynamic instability is com-
monly encountered in anterior instability, 
and the most common reason for soft tis-
sue imbalance is subscapularis insufficiency 
[10] (Figs. 24.1 and 24.2)

Fig. 24.1 Superior migration of the humeral component 
on the glenoid fossa because of the rotator cuff insuffi-
ciency developed following the hemiarthroplasty which 
was performed for a proximal humeral fracture

Fig. 24.2 Coracoacromial arc insufficiency following a 
partial shoulder prosthesis with a CTA head performed for 
a rotator cuff arhtropathy
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The patient may present with dislocation of the 
humeral head, or an insidiously developing decen-
tralisation and subluxation [11]. Instability problem 
varies according to the performed prosthesis design.

 Instability in Anatomic Total 
Shoulder Prosthesis

Instability may develop in anterior, posterior, 
superior, or inferior direction.

 Anterior Instability
Typically, the patient presents with shoulder pain. 
The subscapularis test reveals insufficiency, and 
the external rotation is increased both actively and 
passively [10]. The diagnosis of instability is made 
with magnetic resonance imaging (MRI), comput-
erised tomography (CT), and  ultrasonography 
(USG). Early diagnosis, thus immediate initiation 
of treatment is crucial for successful outcomes. 
The axillary radiograph taken within the routine 
radiographs is pretty helpful for revealing any 
potential dislocation or subluxation [10].

Reasons for anterior instability are stated below;

 1. Implant placement fault; it usually occurs 
after inaccurately placed glenoid component 
caused by posterior glenoid insufficiency.

 2. Small glenoid component
 3. Excessively slack posterior capsule
 4. Malposition or retroversion of humeral head 

or small head.

 Superior Instability
It is not rare as assumed. The instability is in 
superior direction in 20% of total SA cases, and 
this problem develops in years [6, 10]. Reasons 
are stated below;

 1. The imbalance between deltoid and rotator 
cuff muscles causes superior migration of 
humeral head by deltoid muscle when the 
rotator cuff is feeble.

 2. Coracohumeral arc insufficiency
 3. Rotator cuff injuries

Superior instability management is best done 
by avoiding aforementioned issues. Reverse 
shoulder prostheses may be more appropriate in 
these patient group (Fig. 24.3).

Fig. 24.3 There exist a 
superior instability in a 
patient who underwent 
partial SA for a 
proximal humeral 
fracture. The patient 
underwent reverse SA 
who also had rotator 
cuff insufficiency
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 Inferior Instability
Subscapularis insufficiency.

Use of small diameter glenospheres.
Unadjusted humeral length.

 Loosening

 Humeral Loosening

Loosening occurs in the humeral component in 
6% of prostheses [12].

 1. The amount of bony stock after the loosening, 
the region where the bony stock is copious, 
and the region where the loosening is 
abundant.

 2. Using cement is critical in both development 
and treatment of loosening. Especially, the 
technique for using cement and the quality of 
the cement in the primary procedure is very 
important.

 3. Taking the advantage of cement plug place-
ment prevents migration of cement to the dis-
tal humerus, thus providing convenience for 
revision procedures.

 4. The cortical thickness, especially the osteopo-
rosis level of patients are noteworthy for 
determining the treatment options.

 Glenoid Loosening

According to a meta-analysis, glenoid loosening 
is encountered in 14.3% of cases [12]. On radio-
graphs, the medially migrated implant and radio-
lucent lines over 2 mm are assumed as glenoid 
loosening findings. (Fig. 24.4) CT is recom-
mended in all loosening cases during the planning 
of the revision surgery to take the advantage of it 
in giving information about the location of the 
loosening area and bony stock [14]. Antoine et al. 
defines three types of glenoid bone loss [13];

• Partial bone loss. Bone loss usually occurs in 
anterior aspect of the glenoid.

• Central bone loss. It is characterised by bone 
loss in the centre of the glenoid and causes 

significant difficulty during the placement of 
the glenoid component.

• Mix bone loss occurs in every region of gle-
noid in variable amounts, and in this type of 
bone loss, revision surgery may turn into a 
very challenging procedure.

Walch et al. defined the glenoid loosening in 
three types according to the location that the gle-
noid migrated towards.

 1. Superior tilt of the glenoid component (41%)
 2. Collapse of glenoid cavity (32.5%)
 3. Posterior tilt of the glenoid component 

(26.5%)

 Attrition

The polyethylene insert of the glenoid compo-
nent may develop attrition [1].

 Rotator Cuff Problem

In patients with SA, the imaging of the rotator 
cuff is difficult because of the artifacts. Superior 
migration of the humeral head gives information 
about the condition of the rotator cuff. However, 
Young et al. reported humeral head superior 
migration in 46.5% of patients already who 
underwent total SA [15].

Fig. 24.4 Glenoid component loosening in a patient with 
reverse SA
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 Problems Other Than Loosening 
Which Could be Developed After SA

• Problems regarding the acromioclavicular joint.
• Problems regarding the long head of biceps.
• Stress fractures of the scapular spine (during 

the implementation of reverse prostheses). 
The preoperative disorders of acromion are 
reported to be inefficacious in reverse SA, but 
upcoming fractures of it bring forth poor out-
comes [16].

• Complex regional pain syndrome. Stiffness 
may occur even in the absence of any reason 
lying behind [1].

 Treatment Options

 Revision Without Changing 
the Implants

This treatment option is rarely performed. The 
reasons for revision performed without changing 
the implants are;

 1. Hematoma drainage caused by dead-space
 2. Tenotomy for painful long head of biceps 

tendon
 3. Distal clavicle resection for painful acromio-

clavicular degenerative arthritis
 4. Internal fixation for humeral shaft fractures 

without prosthesis loosening
 5. In some infection cases
 6. In some loosening cases

 Revision With Changing the Implants

The most common reason for this procedure is 
the defective glenoid components. Problems of 
implants can be evaluated in four parts: Instability, 
infection, glenoid component problems, humeral 
component problems.

 Instability
Revisions performed for instability may offer 
some differences between anatomic and reverse 
total SA designs.

Anatomic Total SA
Reduction and physical examination are substan-
tial steps after acute dislocations of the shoulder. 
After the reduction, the patient is observed in a 
sling with her/his shoulder in 30° of external rota-
tion for 4 weeks, and the reason for instability is 
determined in this period of time. If there exist an 
anterior instability depending on the subscapularis 
insufficiency, then primary repair may be consid-
ered in the first 4 weeks [10]. In the subscapularis 
repairs to be performed after the first month, aug-
mentation process has to be added to the repair 
procedure. These augmentation techniques include 
pectoralis major tendon transfer and Achilles ten-
don allograft applications. The chronic posterior 
instability is treated by intervention to the tight 
anterior structures, slack posterior capsule, and 
malpositioned components. By this means, appro-
priate glenoid version, humeral alignment, and 
appropriate soft tissue balance are procured. For 
this purpose, anterior releasing, subscapularis 
lengthening, anterior inferior capsulectomy or 
posterior capsulorrhaphy, and correction of the 
malpositioned implants are performed. The sub-
scapularis repair, pectoralis major tendon transfer, 
and capsule strengthening procedures result in 
50% of unsatisfactory outcomes either in both 
anterior and posterior instability. It seems like the 
best choice for the instability in anatomic total SA 
is the reverse SA [17].

Reverse Total SA
Dislocations following the first month after the 
surgery are reduced and immobilised for 45 days. 
Recurrence rate is higher in dislocations after the 
first month with conservative treatment [1]. The 
reason for instability in reverse SA is the defect in 
length adjustment of the extremity. This problem 
can be solved by a thicker insert, a bigger gleno-
sphere, or if the length deficiency is more than 
2 cm, then exchange of the humeral stem [1].

 Infection
In early stage (3 weeks), the infection may occur 
in the form of haematogenous or late infection. 
In the elderly patients without systemic infection 
findings and poor general condition, implants 
can be left and the patient can be observed, 
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even if there exist a flowing fistula. In patients 
with haematogenous or early stage infections, 
debridement lavage, or polyethylene component 
exchange can be performed. While one-stage 
revision provides more favourable outcomes, if 
a two-stage revision is planned, some authors 
advocate that antibiotic-loaded cement spac-
ers are obligatory in these cases [1, 8]. Total SA 
infection treatments are still under debate. It is 
recommended to choose the antibiotic agent 
according to the culture results and to prescribe 
at least two separate antibiotics. Surgical inter-
vention options;

 a. Antibiotic suppression without surgical 
intervention:

This option can be carried out in low- 
demand elderly patients without systemic 
infection findings [1].

 b. Debridement:
Recurrence rate following the surgery with 

the only debridement is high.
 c. Two-stage revision:

There are successful outcome reports with 
antibiotic-loaded cement spacer applications 
[18] (Fig. 24.5). In a study, it was reported 
only a one recurrent infection in 17 patients 
revised with reverse SA following the applica-
tion of antibiotic-loaded polymethylmethac-
rylate (PMMA) [19].

 d. One-stage revision:
Although the two-stage revisions are 

accepted as a gold standard, one-stage revi-
sions are also considered to be successful 
options [18]. Out of few studies investigating 
this issue, Klatte et al. reported only two 
recurrences out of 35 patients and found the 
one-stage revision associated with shorter 
treatment durations, lower treatment costs, 
and preventing from a second surgery [20]. 
Ince et al. reported no recurrent infection after 
one-stage revision prosthesis placement with 
antibiotic-loaded cement in nine patients [21].

 e. Observing with permanent antibiotic-loaded 
cement spacer following the resection:

A permanent antibiotic-loaded cement 
spacer can be performed for patients who 
could not deal with a second surgery. For 

this purpose, spacers prepared on the oper-
ating table or maquette derived antibiotic-
loaded cement spacers can be used [9]. It is 
recommended to perform this method in low- 
demand patients with poor general condition 
[9, 22]

 f. Resection arthroplasty:
This method is recommended for patients who 
are not appropriate candidates for a second 
implantation or have recurrent infection. Also, 
it can be performed in elderly patients with 
low-demand as an alternative option. Braman 
et al. reported satisfactory results in seven 
patients that they performed resection arthro-
plasty for infected SA [23].

 Glenoid Component Problems
Glenoid component revision is usually more 
challenging than humeral component revision. 
Therefore, the patients should be evaluated thor-
oughly and a detailed planning should be made 
preoperatively for a successful surgery. The 
structures to be evaluated before the revision of 
glenoid

 1. Humeral head, whether centralised or not; 
stable/instable

 2. The condition of the rotator cuff
 3. Glenoid bone stock

Considering the aforementioned factors, dif-
ferent revision options emerge. Thus, three 
options can be stated which are the removal of 
the glenoid component, removal of glenoid com-
ponent with corticocancellous grafting, and the 
glenoid reimplantation [24]. Although Cofield 
and Edgerton propose revision with grafting and 
without reimplantation in glenoid revisions with 
over bony loss, biomechanical problems develop 
in these patients. Medially migration of humeral 
head because of the absence of glenoid 
 component affects on the moment arms of the 
rotator cuff and deltoid muscle and disrupts the 
elevation of the arm [24]. The graft choice is still 
under debate, but tricortical corticocancellous 
grafts are found to be more appropriate [24]. The 
methods that glenoid reimplantation not to be 
added are assumed as salvage procedures, and 
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these procedures should be performed whenever 
enough bone stock does not exist [24]. The 
implanted component varies in terms of ana-
tomic, reverse, and whether an instability devel-
oped or not in the revision surgery.

Anatomic Glenoid Component
The exchange of the glenoid component when 
the bone stock is enough results in better out-
comes than grafting-only procedures (Fig. 24.6). 
The indications for anatomic glenoid component 
implantation;

Young patient
Intact rotator cuff
Centralised humeral head
Revision of anatomic glenoid component with 

the reverse glenoid component is a more favour-
able option in elderly patients with damaged 
rotator cuff and decentralised humeral head.

If the bone stock of the glenoid is not ample 
for a glenoid component implantation, tricorti-
cal grafting, leaving as pulsied shoulder, and 
hemiarthroplasty are the recommended options. 
Melissa et al. found the exchange of glenoid 
component with reverse total SA as a promising 
method [25]. This method has both some advan-
tages and disadvantages. The advantages are 
being suitable for graft fixation and correcting 
the instability or a soft tissue insufficiency by its 
constrained design. The disadvantages are hav-
ing higher complication rate and the higher risk 
of recurrent surgery [25].

Reverse Glenoid Component
Revisions with reverse prosthesis designs are 
associated with better outcomes [1]. However, 
what really matters is the bone stock amount 
when performing the revision surgery.

Fig. 24.5 Infected reverse SA. (a) Loosening in the cemented humeral component. (b) An antibiotic-loaded cement 
spacer was performed after the removal of the components
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Fig. 24.6 (a) Loose glenoid component developed after 
a total SA. (b): Revision of the glenoid component; i. 
Removal of the humeral head, ii. Minimal central bony 
defect after the removal of the glenoid component, iii. 

Placement of the uncemented metal-based glenoid com-
ponent after filling the defect with spongious bone graft. 
(c): Direct radiographic appearance of the metal-based 
glenoid component after the procedure

a

i

iii iv
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b
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Glenoid Component With No Loosening
Revision prostheses in these patient group are 
made for an instability, infection, or an attrition.

The cemented glenoid component; removal of 
this implant is easier than uncemented 
components.

The uncemented glenoid component; removal 
of these components, if there is no loosening, can 
be quite difficult, and there can be some bone loss 
during the removal process. If there is no loosen-
ing, only an exchange of the polyethylene insert 
can be sufficient in these patients.

 Humeral Component Problems

Periprosthetic Fractures
Studies including the periprosthetic fractures fol-
lowing total SAs does not have a vast number in 
the literature [26]. Gonzalez et al. stated the rate 
of humeral shaft fractures following shoulder 
prostheses as 2.2% of all complications [12]. 
Lots of authors recommend conservative treat-
ment, but some pronounce that consolidation 
speed and rate can be enhanced with surgical 

intervention [12, 26]. However, the risks of neu-
rologic complication and infection come into 
prominence with surgery. Therefore, surgery 
seems to be an appropriate option when the com-
ponents are unstable and are not in an acceptable 
position [12]. Wright and Cofield [26] divided 
the humerus fractures following the total SAs 
into three types.

Type A; The fracture line starts from the distal 
tip pf the humeral stem and lies proximally.

Type B; The fracture line starts from the distal 
tip of the humeral stem and lies distally.

Type C; The fracture line starts further distally 
from the distal tip of the humeral stem and lies 
distally.

The management of Type C fractures are rec-
ommended to treat as other humerus fractures, 
and 66–80% of these fractures are reported to 
heal with conservative methods [26, 27]. The 
union rate diminishes when the fracture area 
includes cement. On the other hand, sufficient 
fixation may not be constituted if there exists 
osteoporosis. Type A and Type B fractures have 
a less chance of healing. For this reason, an 
internal fixation or a revision total SA is recom-
mended for these types. Total SAs are pro-
nounced to be more appropriate in periprosthetic 
fractures if the union chance is low, if it is an 
osteoporotic fracture, and if the prosthesis is 
loose [26].

Humeral Component Problems Other 
Than Fractures
These problems are less commonly encountered 
than glenoid component problems. The points to 
pay attention in the revisions of humeral compo-
nents are;

The condition of rotator cuff.
The centralisation of the humeral head.
The design of the prosthesis, regarding 

whether it is modular or not.
Whether the prosthesis is loose or not.

Loose Stems
Before the removal process, the bone stock to be 
lost and potential tubercular or corporal fractures 
should be taken into account.

c

Fig. 24.6 (continued)
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Unimpaired Stems
It can be a well-integrated stem to the bone and 
also can be a poor-cemented stem. The removal 
of a loose stem usually does not pose trouble 
during the procedure, but the removal of a stem 
that is not loose may be quite challenging. 
Especially, the fractures of the humerus may 
occur with 12% chance in anatomic stems and 
with 30% chance in revision stems [1].

In general, steps to be performed for removal 
of humeral stems are; [1]

• The head is removed in modular stems.
• The soft tissue and cement in the metaphyseal 

region are removed.
• If the second step becomes unsuccessful, 

the metaphysis and the diaphysis is osteoto-
mized along the stem, thus constituted a 
window to the prosthesis. This cleavage is 
then opened out and removal process is 
reiterated.

• If the third step becomes unsuccessful, the 
window on the humeral diaphysis is opened 
out and the stem, cement, and plug are 
removed.

• The cement should be removed completely if 
possible. Completely removal of the cement is 
not obligatory unless there exists infection. 
Removing down to allow placement of a new 
implant is sufficient.

Implantation of New Humeral Stem
The amount of bone loss and region is impor-
tant factors in determining the reimplantation. 
Uncemented components are not used gener-
ally [1]. In the existence of bony defects, can-
cellous autografts or allografts are used while 
massive allografts are used in the existence of 
diaphyseal defects. During the removal pro-
cess, if an osteotomy is performed, then the 
osteotomized part should be fixated by cer-
clage wires, and the leakage of the cement out 
of the humeral medulla must be prevented to 
protect the radial nerve from thermal damage 
during the cementing process.

Implantation of the New Glenoid 
Component

Removal of the Glenoid Component
If the glenoid component is loose, one can easily 
remove it. Especially, the removal of cemented 
components is quite difficult, and procedures 
may result in a significant bone loss.

Reconstruction
A new implant can be placed if there is no signifi-
cant bone loss. If there is a significant bone loss 
and a new implant reimplantation is not planned, 
an uncemented implant design suitable for graft 
insertion is the preferred option. Shaped tricorti-
cal iliac wing grafts passed through the glenoid 
pegs are recommended for the attachment to the 
defected glenoid area [28].

Questions
 1. What is the most common complication after 

reverse shoulder arthroplasty?
 A. Infection
 B. Humeral stem loosening
 C. Notching
 D. Nerve injury
 E. Periprosthetic fractures

C.

 2. Which type of humeral periprosthetic fracture 
has the highest chance of union?
 A. Type A
 B. Type B
 C. Type C
 D. Type D
 E. Type E

C. Type D and E do not exist.

 3. 72 year old male patient who underwent a 
total shoulder arthroplasty 6 months ago, 
came to the clinic with active fistula, and he 
had been offered a two stage revision. After 1 
year of revision, he admitted to hospital with 
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another fistula and loss of shoulder function 
and pain. You do not want to try another two 
stage revision because of the little amount of 
bone stock although he has no other serious 
health problems. What would you recom-
mend to relieve his pain and gain some range 
of motion?
 A. One stage revision
 B. Debridement
 C. Antibiotic suppression
 D. Resection arthroplasty
 E. Antibiotic loaded cement spacers

What is new?
Glenoid bone loss is a challenging problem 

both in primary and revision arthroplasty. A use-
ful review can be found in Journal of Shoulder 
and Elbow Surgery, 2016:

Glenoid Bone Loss in Primary and Revision 
Shoulder Arthroplasty, Malhas A et al.
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Shoulder Arthrodesis

Ehud Atoun, Zachary T. Sharfman, Ehud Rath, 
and Ofer Levy

 Introduction

Arthrodesis is the creation of a bony union across a 
joint, it is a radical procedure that contradicts the pri-
mary function of the joint, which is to provide motion. 
The shoulder has the largest range of motion of any 
ball-and-socket joint in the body, movement that is 
crucial for the upper limb function. The term shoul-
der arthrodesis is frequently used to describe what 
is actually humero- scapular arthrodesis in which the 
humerus is fused to the glenoid and/or acromion, a 
procedure that limits shoulder movement.

For most of the past century, shoulder arthrod-
esis was a relatively common procedure but its 
indications have been diminishing, largely due to 
lower prevalence of poliomyelitis, tuberculosis, 
and good outcomes with shoulder arthroplasty. 
More specifically, reverse shoulder arthroplasty 
offered a solution for patients with non-functioning 

rotator cuff muscles. Nevertheless, arthrodesis has 
stood the test of time and can be a reliable method 
of restoring a limited range of pain-free motion to 
the shoulder, which is retained at the scapulotho-
racic joint by the scapulothoracic, trapezius and 
serratus anterior muscles.

Currently glenohumeral arthrodesis is still 
considered an end-stage salvage procedure for 
shoulder pain, weakness, and instability not suit-
able for soft-tissue or prosthetic reconstruction. 
The objective of shoulder arthrodesis is to create a 
painless, functional extremity, sufficient for most 
activities of daily living (ADLs) [3, 13, 14].

 Indications

 Paralytic Disorders

Until recent decades poliomyelitis was a major 
cause of flail shoulder, worldwide, this is still the 
case in developing countries, where poliomyelitis 
is prevalent. In the modern western world, the 
most common cause of paralytic shoulder is bra-
chial plexus injury. Motor vehicle accidents 
account for most traumatic brachial plexus inju-
ries, which affect young patients in most cases. 
When spontaneous recovery of the deltoid and 
rotator cuff muscles does not occur, shoulder 
arthrodesis may be considered in the presence of 
severely restricted, painful range of motion, and/
or failed prior reconstructive  measures such as 
neurolysis, nerve grafting, and muscle transfer.
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These patients usually have good elbow and 
hand function as well as good seratus anterior and 
trapezius function but are unable to optimize their 
upper extremity due to their inability to “place their 
hand in space.” The goal of arthrodesis in this case 
is to create a stable platform for good elbow and 
hand function and active arm abduction through 
the scapulothoracic articulation. This allows 
patients to utilize their upper extremity and work 
effectively at bench level.

 Failed Prosthetic Arthroplasty

The number of shoulder arthroplasties per-
formed worldwide has exponentially increased 
during the last decade. The overall ten-year sur-
vival of shoulder arthroplasties has been 
reported to be 88%. Therefore, as the frequency 
of primary shoulder arthroplasty increases, the 
number of failures is expected to increase 
substantially.

Arthrodesis can be considered for selected 
patients with failed shoulder arthroplasty, when 
revision is impossible due to severe humeral and 
glenoid bone loss, poor deltoid and rotator cuff 
function, iatrogenic axillary nerve injury and 
refractory instability. When arthrodesis is consid-
ered for these patients, special techniques are 
needed to compensate for the significant glenoid 
and humeral bone loss, scarring and fibrosis 
(Fig. 25.1a, b) [1, 7].

 Reconstruction After Tumor 
Resection

Limb-salvage surgeries have become the first- 
line treatment for malignant bone and soft tis-
sue tumors of the shoulder girdle. In light of 
the reduction in the surgical margin achieved 
by refinements of imaging modalities and 
radiotherapy as well as improvements in adju-
vant chemotherapy, patients are often able to 
retain limb function after these procedures.

Functional reconstruction of the shoulder joint 
after wide excision of a malignant bone tumor of 
the proximal humerus is clinically challenging, 
particularly because wide excision may result in 
deficits of the deltoid, rotator cuff, joint capsule, 
and bony elements. This makes arthroplastic 
reconstruction difficult. In these cases, arthrode-
sis is a useful technique to bridge bony defects 
using bone grafts, vascularized bone grafts, and 
massive allografts. Patient satisfaction was found 
to be higher than that for artificial prostheses in 
this patient population [11, 15].

 Chronic Infection

Bacterial or tubercular infections uncontrolled 
with medication or debridement often result in 
pain and joint incongruency. In the past, arthritis 
due to tubercular infections was a major indica-
tion for shoulder arthrodesis. Although this is 

a b

Fig. 25.1 Shoulder arthrodesis for failed prosthetic arthroplasty. (a) Pre operative radiograph with failed shoulder 
arthroplasty. (b) Post operative radiograph following shoulder arthrodesis with multiple screws and a 4.5-mm AO plate
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still a problem worldwide, in the Western world, 
it has become rare.

Shoulder infection is one of the most feared 
complications after shoulder injections, arthro-
plasty or osteosynthesis for fracture. The diagno-
sis of septic arthritis of the shoulder represents an 
absolute indication for urgent surgical interven-
tion, and if it is not undertaken, there is a high 
risk of irreversible local changes, severe morbid-
ity and possible mortality.

In patients with persistent chronic infection, 
arthroplasty is contraindicated, and arthrodesis 
with limited internal fixation, with or without exter-
nal fixation, often is the preferred salvage option 
[16].

 Refractory Instability

Shoulder instability is usually managed through 
soft-tissue stabilisation and bone block proce-
dures. With persistent refractory instability after 
multiple failed stabilization procedures, patients 
may be left with a painful, dysfunctional shoul-
der devoid of competent soft-tissue or bony 
restraints.

These patients are often young or seeking 
work, and find the prospect of living with a pain-
ful unstable shoulder untenable. In this setting, 
glenohumeral arthrodesis may be considered a 
salvage procedure [4].

 Contraindications

Scapulothoracic motion is crucial for function 
after shoulder arthrodesis. Therefore severe dys-
function of the scapular stabilizing muscles, tra-
pezius, levator scapulae, serratus anterior and 
latissimus dorsi is considered a contraindication 
for glenohumeral arthrodesis.

Charcot arthropathy has also been reported as 
a contraindication to shoulder arthrodesis. The 
rates of pseudoarthrosis and infection are stated 
to be higher in these patients, and thus shoulder 
arthrodesis is discouraged.

Bilateral arthrodesis is contraindicated because 
it severely inhibits the patient’s functional abili-

ties, including the ability to perform activities of 
daily living.

Patients who are believed to be unable to coop-
erate with the extensive course of  rehabilitation 
after surgery, those who are unable to wear a 
shoulder spica or brace, and patients with severe 
skin problems or progressive neurologic disorders 
are contraindicated for glenohumeral arthrodesis 
as well.

 Shoulder Positioning

The ideal position for shoulder arthrodesis 
remains controversial. When the position of the 
arm is being determined, the trunk is commonly 
used as the point of reference, with the scapula 
held in the anatomic position.

Currently, most authors prefer 10–20° of 
abduction and flexion and 35–45° of internal 
rotation. In addition, the patient’s arm should be 
able to rest at the side without excessive scapular 
winging. This position allows the patient to reach 
the mouth, waist, back pocket, and contralateral 
shoulder, facilitating activities of daily living 
including dressing and self hygiene. The position 
of rotation is the most crucial factor in obtaining 
optimal function (Fig. 25.2).

It is difficult to objectively and accurately mea-
sure the different angles in various planes during 
surgery, and the ideal position depends on patient 
body, size and should be individually tailored 
intra operatively.

Abduction can be determined by measuring the 
angle formed by the body and the humerus, clini-
cally or by obtaining an anteroposterior radio-
graphic view using the spine rather than the border 
of the scapula as a landmark. Flexion is deter-
mined by observing the angle that the humerus 
forms with the horizontal plane in a supine patient. 
In order to determine the desired amount of inter-
nal rotation, the elbow is flexed to 90°, the hand is 
positioned over the ipsilateral area of the chest 
between the sternum and axilla so that further flex-
ion of the elbow allows the top of the thumb to 
touch the chin.

The joint is then temporarily stabilized with 
two threaded Steinmann.
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Pins and the position is checked to ensure that 
the patient’s hand can reach the mouth, the front 
of the abdomen, and perineal area before defini-
tive fixation is applied.

 Surgical Technique

 Extra-Articular Technique

Shoulder arthrodesis is classified as extra- 
articular (acromiohumeral), intra-articular (gle-
nohumeral), or a combination of extra-articular 
and intra-articular.

Extra-articular fusion is obtained by bringing 
the proximal humerus into maximal contact with 
the undersurface of the acromion, spine of scap-
ula, and clavicle without entering the glenohu-
meral joint. This technique was performed early 
in the twentieth century, primarily in treating 
tuberculosis and is rarely performed as isolated 
procedure today.

 Intra-Articular Technique

Intra-articular fusion involves a thorough decorti-
cation of the humerus and glenoid in an open or 
arthroscopically assisted technique, creating 
maximal bone to bone contact, preserving the 
anatomical height of the humeral head and pre-
serving the rotator cuff tendons [12].

Currently, combined extra- and intra-articular 
fusion techniques are most commonly used.

 External Fixation

Charnley originally described a procedure to 
accomplish shoulder arthrodesis by applying 
external fixation (Fig. 25.3b). Postoperatively, 
spica casts were used for additional stability in 
all patients. Although the supplementation of 
compression screws (Fig. 25.3c) reduced the 
length of postoperative immobilization, most 
patients still required relatively prolonged peri-

20°

30°

40°

40°

Abduction
20°

Forward flexion
30°

Internal rotation
40°

Internal rotation
40°

Fig. 25.2 Position of arm for arthrodesis of shoulder as 
recommended by Rowe: 20° of abduction (clinical mea-
surement), 30° of forward flexion, and 40–50° of internal 

rotation. Reprinted with permission from Campbell’s 
operative orthopaedics, 12th ed., S. Terry Canale, editor, 
Mosby, 2013. Chapter 13
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a

c

e

d

b

Fig. 25.3 Fixation techniques for shoulder arthrodesis 
(posterior view). (a) Screws alone. (b) External fixation 
alone. (c) External fixation with screws. (d) Single-plate 
fixation. (e) Double-plate fixation. Reprinted with permis-

sion from Miller BS, Harper WP, Gillies RM, et al.: 
Biomechanical analysis of five fixation techniques used in 
glenohumeral arthrodesis, Aust N Z J Surg 73:1015, 2003
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ods of postoperative spica cast. External fixa-
tion should be considered in patients with 
significant soft tissue loss or deficiency, exces-
sive scar tissue and in patients with recalcitrant 
infections.

 Screw Fixation

A combination of horizontal screws compress-
ing the humerus to the glenoid and vertical 
screws fixating the acromion to the humeral head 
are usually used for screw fixation shoulder 
arthrodesis (Fig. 25.3a). The number of humerus-
glenoid screws varies from 0 to 4, and the num-
ber of acromion–humerus screws varies from 0 
to 3. A partial osteotomy of the acromion can be 
performed near its junction with the scapular 
spine, and the acromion displaced downward, 
hinging through the acromioclavicular joint and 
attached to the humeral head or alternatively the 
humerus is displaced superiorly to contact the 
acromion [8].

 Plate Fixation

Various techniques have been described for 
plate fixation in shoulder arthrodesis. Dynamic 
compression plates (DCP), pelvic reconstruc-
tion plates, and single or double plates (supe-
rior and posterior) can be used (Fig. 25.3e). 
The procedure includes decortication of the 
glenoid fossa, the undersurface of the acro-
mion, and the head of the humerus, displacing 
humerus proximally to appose the undersurface 
of the acromion. Acromial osteotomy can be 
added to improve plate bone contact, horizon-
tal compression screws are passed through the 
plate, traversing the humeral head and into the 
glenoid.

The combination of plates and traversing com-
pression screws and has minimized the need for 
strict postoperative immobilization without a con-
current increase in nonunion rates (Fig. 25.3d); 
this has become the accepted standard of care for 
glenohumeral arthrodesis [2, 5, 6, 9, 10].

 Bone Graft

In the presence of bone stock deficiency (arthrod-
esis after failed prosthetic arthroplasty or tumor 
resection), augmentation of the bone stock may 
be necessary. When the deficiency is <6 cm, the 
bone contact can be improved using a vascular-
ized clavicular or tuberosity autograft, tricortical 
iliac bone, or an allograft reinforced with plate 
fixation. When >6 cm of the proximal humeral 
shaft is missing, single or double-barrel vascular-
ized fibular grafts are recommended.

 Postoperative Management

After surgery, the shoulder is immobilized using 
shoulder spica cast or a premade custom orthosis 
in the desired position. Stable internal fixation 
can reduce the need for spica casting since the use 
of orthosis is generally better tolerated. Spica cast 
is added post operatively in cases of external fixa-
tion, and pins are usually removed at 6 weeks.

The extent of immobilization depends on the 
quality and quantity of bone as well as the stabil-
ity of the fixation. The length of immobilization 
may range from 8 to 16 weeks. Radiographs are 
used to assess bony fusion and in selected cases 
computed tomography may be necessary. 
Scapular exercises for range of motion and 
strength are started after radiographic signs of 
fusion are confirmed.

 Complications

 Nonunion

The incidence of nonunion has been reported to 
range from 0 to 20%. Nonunion rate largely depend 
on fixation technique, bone quality, bone quantity 
and soft tissue condition. Higher nonunion rates 
were found after screw fixation arthrodesis.

Patients should be encouraged to abstain from 
tobacco use because of the association of smok-
ing with an increased risk for nonunion. Optimal 
operative technique includes careful attention to 
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elimination of all cartilage, maximal bone con-
tact, and solid positioning of all implants.

With modern fixation methods the nonunion 
rate is closer to 10%, however, in the presence of 
infection and bone loss, nonunion rates increase 
accordingly. Most reported non-unions are 
 symptomatic, painful, and required further treat-
ment. Revision surgery with bone grafting and re 
fixation achieves union in most patients.

 Malposition

Excessive abduction and flexion produce  
mal-rotation or winging of the scapula, which 
results in a dull, painful ache in the shoulder. In 
addition, excessive abduction can cause traction 
neuritis of the brachial plexus.

If too much internal rotation has been incorpo-
rated, the patient cannot easily bring his hand to 
his mouth or reach his front or back pocket. When 
the malposition causes scapular pain or leads to 
dysfunction in ADLs, reconstructive osteotomy 
should be considered.

 Fractures

Elimination of motion at the glenohumeral joint 
combined with local osteopenia increases the 
probability that relatively minor trauma will 
cause fracture around the arthrodesis.

Fracture may occur in association with hard-
ware failure or distal to the site of the arthrodesis. 
Distal fractures are more common, these fractures 
are usually treated non-operatively with high 
union rates. Fractures in association with fixa-
tion failure have been successfully treated with 
removal of the devices and repeat plate applica-
tion and bone grafting.

 Prominence of Internal Fixation 
Device

The superficial location of internal fixation devices, 
particularly compression screws and plates, may 

cause local skin problems and skin penetration. 
Typically, this occurs over the spine of the scapula 
and acromion due to gross muscle wasting and 
atrophy around the shoulder in addition to exces-
sive scar tissue due to multiple surgeries. In many 
cases, removal of the fixation device after consoli-
dation of the fusion mass is necessary.

Postoperative infection, fractures of the 
humerus, and removal of material due to 
 persistent pain are more frequent complications 
in plate arthrodesis whereas the rate of nonunion 
is higher after screw arthrodesis. In comparison 
with plate arthrodesis, screw arthrodesis reduces 
the need for extensive dissection and soft tissue 
damage. This may help to explain the lower infec-
tion rate after screw arthrodesis.

 Overview

Shoulder arthrodesis has become a relatively rare 
surgical procedure after the introduction of 
shoulder arthroplasty and the reduced frequency 
of objective indications. Shoulder arthrodesis is 
currently indicated for selected patients with par-
alytic disorders, failed prosthetic arthroplasty, 
reconstruction after tumor resection, chronic 
infection and refractory instability.

The objective of shoulder arthrodesis is to 
create a painless, functional extremity, sufficient 
for most ADLs. The ideal position for shoulder 
arthrodesis remains controversial. Currently, 
most authors prefer 10–20° of abduction and 
flexion and 35–45° of internal rotation. In addi-
tion, the patient’s arm should be able to rest at 
the side without excessive scapular winging.

Shoulder arthrodesis can be stabilized with 
external fixators, compression screws, DCPs and 
reconstruction plates. Patients are immobilized 
after surgery a shoulder spica cast or prefabri-
cated brace for a period of 8–16 weeks until 
radiographic union is observed.

Complications of shoulder arthrodesis include  
nonunion, malposition, fractures, infection and  
prominence of the internal fixation device. Post-
operative infection, fractures of the humerus, 
and hardware removal due to persistent pain are 
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more frequent complications in plate arthrode-
sis, whereas the rate of nonunion is higher after 
screw arthrodesis. In comparison with plate 
arthrodesis, screw arthrodesis reduces the need 
for extensive dissection and soft tissue damage.

As a salvage procedure for patients with recalci-
trant shoulder issues, arthrodesis can provide patients 
with a slable, functional and painless shoulder.

Questions
 1. Which one of the circumstances is not an indi-

cation for shoulder arthrodesis?
 A. Inadequate soft and bone tissue after 

tumor resection
 B. Subacute infection
 C. Paralytic disorders
 D. Failed arthroplasty
 E. Refractory instability

B

 2. What would you consider intra-operatively as 
the most important criteria(s) for postopera-
tive range of motion?
 A. Ability to reach and comb hair
 B. Ability to reach lumbosacral area
 C. Ability to reach the mouth
 D. Ability to reach the sternum
 E. Ability to reach the waist

C and E

 3. Despite of decreasing frequency, an orthopae-
dic surgeon should be aware of shoulder 
arthrodesis as a salvage option. Which method 
has the best postoperative outcomes for 
arthrodesis?
 A. External fixation
 B. Screw fixation
 C. Plate fixation
 D. Screw + plate fixation

D

What’s new?
A new technique is described by Boretto et al. 
by using both compression screws and locking 
plate without decreasing union rates and allow-
ing early postoperative scapulothoracic motion

Glenohumeral Arthrodesis with Locking 
Compression Plate, J Hand Surg Am 2016 June, 
Boretto JG, Gallucci GL, De Carli P

References

 1. Alta TD, Willems WJ. Once an arthrodesis, always an 
arthrodesis? J Shoulder Elb Surg. 2015;25(2):232–7.

 2. Chun JM, Byeon HK. Shoulder arthrodesis with a 
reconstruction plate. Int Orthop. 2009;33(4):1025–30.

 3. Clare DJ, Wirth MA, Groh GI, Rockwood Jr CA. 
Shoulder arthrodesis. J Bone Joint Surg Am. 
2001;83-A(4):593–600.

 4. Diaz JA, Cohen SB, Warren RF, Craig EV, Allen 
AA. Arthrodesis as a salvage procedure for recurrent 
instability of the shoulder. J Shoulder Elb Surg. 
2003;12(3):237–41.

 5. Dimmen S, Madsen JE. Long-term outcome of shoul-
der arthrodesis performed with plate fixation: 18 
patients examined after 3–15 years. Acta Orthop. 
2007;78(6):827–33.

 6. Esenyel CZ, Ozturk K, Imren Y, Ayanoglu S. Shoulder 
arthrodesis with plate fixation. Acta Orthop Traumatol 
Turc. 2011;45(6):412–20.

 7. Gadea F, Alami G, Pape G, Boileau P, Favard 
L. Shoulder hemiarthroplasty: outcomes and long- 
term survival analysis according to etiology. Orthop 
Traumatol Surg Res. 2012;98(6):659–65.

 8. Lerch S, Berndt T, Lipka W, Ruhmann O. Screw 
arthrodesis of the shoulder. Oper Orthop Traumatol. 
2011;23(3):215–26.

 9. Lerch S, Keller S, Kirsch L, Berndt T, Ruhmann 
O. Biomechanical analysis for primary stability of 
shoulder arthrodesis in different resection situations. 
Clin Biomech (Bristol, Avon). 2013;28(6):618–25.

 10. Miller BS, Harper WP, Gillies RM, Sonnabend DH, 
Walsh WR. Biomechanical analysis of five fixation 
techniques used in glenohumeral arthrodesis. ANZ 
J Surg. 2003;73(12):1015–7.

 11. Mimata Y, Nishida J, Sato K, Suzuki Y, Doita 
M. Glenohumeral arthrodesis for malignant tumor of the 
shoulder girdle. J Shoulder Elb Surg. 2015;24(2):174–8.

 12. Porcellini G, Savoie 3rd FH, Campi F, Merolla G, 
Paladini P. Arthroscopically assisted shoulder arthrod-
esis: is it an effective technique? Arthroscopy. 
2014;30(12):1550–6.

 13. Ruhmann O, Schmolke S, Bohnsack M, Flamme C, 
Wirth CJ. Shoulder arthrodesis: indications, tech-
nique, results, and complications. J Shoulder Elb Surg. 
2005;14(1):38–50.

 14. Safran O, Iannotti JP. Arthrodesis of the shoulder. 
J Am Acad Orthop Surg. 2006;14(3):145–53.

 15. Tsukushi S, Nishida Y, Yamada Y, Hosono K, Ishiguro 
N. Vascularized clavicular rotation graft for revised 
shoulder arthrodesis after tumor resection of the prox-
imal humerus: a case report. J Shoulder Elb Surg. 
2009;18(3):e13–6.

 16. Wick M, Muller EJ, Ambacher T, Hebler U, Muhr G, 
Kutscha-Lissberg F. Arthrodesis of the shoulder after 
septic arthritis. Long-term results. J Bone Joint Surg 
Br. 2003;85(5):666–70.

E. Atoun et al.



381© Springer International Publishing AG 2017 
G. Huri, N.K. Paschos (eds.), The Shoulder, Orthopaedic Study Guide Series, 
DOI 10.1007/978-3-319-51979-1_26

Anatomy, Assesment, and Surgery 
of the Biceps Tendon

Zachary T. Sharfman, Ran Atzmon, Eyal Amar, 
and Ehud Rath

 Functional Anatomy

The long head of the biceps (LHB) attaches to its 
origin at the supraglenoid tubercle of the scapula 
where it meets the glenoid labrum [1–3]. This 
origin is fairly broad with a mean diameter of 
6.6 mm (range 4.5–12) [4]. The insertion point is 
located medial to the articular rim of the glenoid 
and creates a subsynovial recess, which may be 
positioned variably [2]. Although multiple ana-
tomic variants exist 86% of patients possess typi-
cal anatomy [5].

There are four large groups of anatomic varia-
tion in the intraarticular portion of the LHB, which 
are determined by LHB migration during embry-
onic growth [6]. The Meso group has free move-
ment beneath the rotator cuff, the adherent group 
has a LHB adherent to the rotator cuff (Fig. 26.1), 
the split group has a LHB divided intraarticularly, 
and there is also an absence of the LHB [7].

The complex vascularization of the proximal 
LHB is composed of ascending vessels of the 
anterior humeral circumflex artery [8, 9]. Branches 
of the brachial and deep brachial arteries supply 
the more distal aspects of the LHB [8, 9]. In the 
region where the tendon slides in the groove, 
1.2–3 cm from the origin, the tissue is poorly sup-
plied which may contribute to tendon rupture 
pathology [10].

The intraarticular portion of the LHBTs diam-
eter is 5.1 mm on average (range 3–7 mm) [4] 
and distally the tendons slide 18 mm inside the 
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joint to achieve anterior flexion and internal rota-
tion movements [11]. Once the tendon enters the 
bicipital groove of the hummers, the LHBT twists 
30–40° [12]. The bicipital groove is located 
between the greater and lesser tuberosity of the 
anterior humerus. The grooves 4 mm depth and 
opening angle stabilize the LHBT in collabora-
tion with the transvers ligament and biceps pulley 
[13]. The biceps pulley is composed of the supe-
rior glenoid humeral ligament and coracohumeral 
ligament, which are associated with subscapu-
laris and supraspinatus tendons.

The coracoid apophysis serves as the origin of 
the short head of the biceps (SHB) as well as 
other structures. The SHB contributes the medial 
aspect of the bicep mass. Distally the short and 
long heads combine to create one muscle belly 
and they insert in two layers to the radial 
tuberosity and to the bicipital aponeurosis fan-
ning out over the medial aspect of the forearm 
flexors. The muscle mass of the biceps confers 
the flexion function of the elbow as well as supi-
nation [14, 15]. As the arm progresses from 
external to  internal rotation, the tendon is dis-
placed medially and superiorly, contacting the 
lesser tubercle and the transverse ligament [13]. 
The innervation of the biceps if derived from the 
musculocutaneous nerve.

 Clinical Presentation and Physical 
Examination

The clinical presentation and physical examina-
tion of LHBT pathology is challenging even for 
experienced clinicians. The physical exam should 
begin with a detail history followed by a focused 
and systematic physical examination. A detailed 
patient history documenting the type of pain, 
catching, snapping, deformity, weakness and 
other complaints is key. Understanding mecha-
nism of injury and acuity of injury may offer 
insight into both acute and chronic pathologies. 
Many patients with biceps pathology describe 
anterior shoulder pain that is exacerbated by lift-
ing and or elevated pulling motions. This pain 
will most often localize to the anterior arm in line 
with the bicipital groove and intensify with 

movement. Anterior pain may help to delineate 
shoulder pathology specific to LHBT pathology. 
Overhead sports activities are likely in the history 
of patients we LBHT pathology. Understanding 
aggravating motions and unstable positions also 
help to differentiate LBHT pathology from other 
causes of shoulder pain.

Inspection of the upper extremity with com-
parison of the contralateral limb should be con-
ducted first during the physical examination. It is 
crucial to maintain a high index of suspicion for 
subtle atrophy, deformity, swelling and ecchymo-
sis while comparing the injured limb to the pain 
free extremity. In the case of marked deformity 
such as a “Popeye’s” deformity inspection alone 
may be sufficient to diagnose complete rupture of 
the LHBT.

The patient’s limbs should then be palpated for 
tenderness. Tenderness of the LHBT is best pal-
pated with the patients arm placed in 10° of exter-
nal rotation so the bicipital groove faces anteriorly 
(Fig. 26.2). Tendinitis localized to the bicipital 
groove is not typical in patients presenting with 
acute injury. However, partial rupture or full rup-
ture of the biceps tendon may be suspected in 
patients with preexisting tendinitis. Structures 
adjacent to the bicipital groove should be palpated 
for tenderness as well, as the differential diagno-
sis for anterior shoulder pain includes acromiocla-
vicular joint pathologies (Fig. 26.3), adhesive 

Fig. 26.2 Tenderness of the long head of the biceps ten-
don can be palpated with the patients arm placed in 10 
degrees of external rotation so the bicipital groove faces 
anteriorly
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capsulitis, subacromial impingement, and cora-
coid impingement.

The neurovascular examination bilaterally of 
the upper extremities should be employed to 
assess motor strength, movement, and sensation. 
Both active and passive range of motion should 
be measured and recorded.

The structures above and below the area of 
pain should be inspected and palpated as the 
source of pain may be referred from the cervical 
spine or the elbow.

 Pathologies

 Biceps Tendonitis
Biceps tendonitis is characterized by anterior 
shoulder pain. Patients who regularly partici-
pate in repetitive lifting, pulling, reaching, and 
throwing motions in their work or during sport 
activities are likely to develop biceps tendonitis. 
Biceps tendonitis is more common in older indi-
viduals and may be associated with comorbid 
shoulder pathologies. Inflammation and painful 
motions in the shoulder are common and pain 
should be elicited on palpation of the bicipital 
groove with the patients arm held in 10° of 
internal rotation.

 Rupture and Tears
Proximal rupture of the biceps may cause a sud-
den and painful popping sensation that the patient 

reports on examination. A retraced muscle belly 
may be clearly visible bulging over the anterior 
proximal portion of the arm, commonly known 
as the “Popeye” deformity. In patients without 
acute traumatic injuries, the biceps tendon rup-
ture is usually preceded by a history of shoulder 
pain that quickly resolves after a painful audible 
snap occurs. Partial tears do not present with 
Popeye deformity but a patient may report a trau-
matic injury during motion followed by pain and 
even bruising. It may be difficult to differentiate 
biceps tendon tear from tendonitis based on his-
tory and physical examination alone.

Distal biceps avulsions are another rare pathol-
ogy more commonly seen in older individuals. 
These injuries are most often acute traumatic inju-
ries where the biceps is torn form its distal inser-
tion on the radial tuberosity. Most often this is 
caused by eccentric overload in the dominant 
extremity and the patient may report pain in the 
anticubital fossa. There may be an audible pop at 
the time of injury. Distal biceps avulsions may 
present with proximal displacement of the biceps 
muscle belly that has been referred to as the 
“Reverse Popeye” sign.

 Entrapment of the Biceps Tendon
Entrapment of the LHBT occurs due to inflam-
mation and hypertrophy of the LHBT inside the 
joint. The increased biceps tendon diameter pre-
vents the tendon from sliding in the bicipital 
groove due to physical blockade caused by the 
transverse ligament and or biceps pulley [16] 
who’s functions are to stabilize the biceps in the 
bicipital groove thereby preventing a bowstring 
effect. Patients present with anterior shoulder 
pain and pain on forward motion of the shoulder 
especially with elbow extension. This pathology 
is often associated with rotator cuff rupture [16].

 Superior Labral Anterior to Posterior 
Tears (SLAP)
SLAP tears are a common pathology in effecting 
the integrity of the glenoid labrum and the LHBT 
at their attachment point overlying the glenoid 
labrum. These injuries are often caused by repeti-
tive overhead activities such as in throwing ath-
letes. The presenting symptoms include but are 

Fig. 26.3 Physical examination manuver demonstrating 
test to illicit pain in acromioclavicular joint pathologies

26 Anatomy, Assesment, and Surgery of the Biceps Tendon



384

not limited to non-specific deep shoulder pain, 
anterior shoulder pain, popping or clicking, 
weakness or muscle fatigue. The culprit trau-
matic injury associated with SLAP tears is often 
asymptomatic for a period of time know as the 
“Lag Time”.

 Instability
Shoulder instability and subluxation is associated 
with biceps degeneration due to chronic tendini-
tis. Instability or subluxation may cause palpable 
snapping of the tendon felt during painful arcs of 
motion such as during the throwing motion. 
Superior Labrum Anterior to Posterior (SLAP) 
tears can present with a similar clinical picture, 
however SLAP tears are prone to locking and 
catching symptoms over snapping.

 Calcific Tendonitis
This condition is more common in women and 
mainly affects patients ages 30–60. It is associ-
ated with subacromial impingement. Risk fac-
tors include hypothyroidism and diabetes. The 
history will most generally show atraumatic 
pain, with catching and crepitus in addition to a 
decreased range of motion and mechanical 
blocking.

The differential diagnosis of shoulder com-
plaints incudes the various conditions mentioned 
above as well as many others. Pathology of the 
biceps can be secondary to acute traumatic injury, 
overuse, vascular disruptions, impingement and 
other causes. There are many maneuvers that are 
sensitive for detecting pathology in the shoulder 
joint but due to overlapping elicitation of pain with 
similar maneuvers the tests are not specific [17, 18].

 Tests

Although, many physical exam maneuvers are 
available to the experienced clinician, this chapter 
focuses on those that are common and most con-
tributory to general examination of the LHBT. No 
maneuver has been shown to dependably diag-
nose LHBT pathology alone and they should be 
used in cohort with a detailed anamnesis of the 
patient and imaging studies. Generally the biceps 

tendon may be ruptured in three locations, both 
the proximal and distal insertions as well as in the 
muscle belly. Full rupture of the distal insertion of 
the biceps tendon is a relatively strait forward 
diagnosis as it most often presents with “Popeye” 
sign, ecchymosis, positive uppercut test (pain on 
flexion and supination against resistance) with 
associated radiological findings. However, diag-
nosing rupture of the proximal insertion of the 
LHBT becomes a challenging diagnosis, as it is 
an intra-articular pathology that articulates 
directly with the glenoid labrum and is encom-
passed by many surrounding tissues. These chal-
lenging diagnoses and the diagnosis of other 
LHBT pathology require the use of the maneuvers 
described below in order to direct the use of imag-
ing technologies and patient treatment.

 Yergasons Test

This test provokes pain and tenderness over the 
bicipital groove with forearm supination against 
resistance. The examiner “shakes the patients 
hand” with the forearm in neutral position, the 
elbow is flexed 90° and tight to the body. The 
patient resists supination, while the examiner pal-
pates the bicipital groove [19] (Fig. 26.4). Pain 
elicited by this test indicates either a LHBT tear, 
Labral tear or both, but may be more suggestive 
of a biceps tear as the biceps is the primary flexor 
of the forearm and is also a supinator. This test 

Fig. 26.4 The examiner is performing Yergason’s test
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may also illicit pain due to tendinopathy or tendi-
nitis of the LHBT [20].

 O’Brien’s Test

This test is provocative of pain originating at the 
attachment of the superior labrum. With the 
elbow fully extended and the arm adducted to 
cross the midline, the patient raises their arm 
against resistance with their thumb pointing 
upwards and then downwards (Fig. 26.5a, b). 
Pain elicited with the thumb in the upwards posi-
tion is more specific to LHBT pathology while 
the downward position may be more specific for 
labral tears. These maneuvers are sensitive for 
SLAP tear, biceps tendinitis and rupture but are 
not specific [20].

 Speed’s Test

Pain elicited in the bicipital groove by Speed’s 
test indicates a LHBT tear, Labral tear or both 
[21]. With the hand extended in full supination 
and 90° flexion of the shoulder with a strait elbow 
the patient resists forward flexion (Fig. 26.6).

 Upper Cut Test

The elbow is flexed to 90°, the shoulder is neutral 
and the forearm is supinated. The patient raises 
their fist to their chin against resistance 
(Fig. 26.7). Shoulder pain or anterior pop indi-
cates a positive test. Utilization of the speed and 
upper cut tests in together was shown to be supe-
rior to either test alone [20, 22].

a b

Fig. 26.5 (a) The examiner is performing O’Brien’s test first with the upward position and then in the (b) downward 
position

Fig. 26.6 The examiner is performing Speed’s test Fig. 26.7 The examiner is performing the uppercut test
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 Jobe’s Empty Can Test

Due to its intimate location at the rotator cuff 
interval the long head of the biceps may be 
involved in impingement and rotator cuff pathol-
ogies. Impingement and rotator cuff tests can be 
positive in the presence of biceps pathology. The 
empty can test [23] evaluates the strength of the 
supraspinatus tendon. It is performed with each 
shoulder in 90° of abduction and 30° of forward 
flexion and internal rotation so the thumb is 
pointed to the floor (Fig. 26.8). This test is per-
formed both passively and against active resis-
tance. Weakness or inability to maintain this 
position passively may demonstrate supraspina-
tus tear or rotator cuff impingement [24].

Dislocation and subluxation of the medial biceps 
tendon are caused by disturbance to the biceps pul-
ley anatomy. This pathology is often seen together 
with subscapularis tears [25]. A click may be pal-
pated with the arm abducted at 90° and guided into 
external rotation. Palpation may demonstrate full 
dislocation of the tendon with the tendon displaced 
and located anterior to the lesser tuberosity [26, 27].

 Horn Blowers Sign

This test evaluates the infraspinatus and teres 
minor [28]. The patient’s arm is abducted to 90°, 
with external rotation of the shoulder to 90° and 
the palm facing forward. If the patient can main-
tain the position passively the examiner adds 

active resistance to the dorsal aspect of the hand 
anteriorly and caudally [29].

 Lift Off Test and Belly Press Test

To examine the subscapularis muscle two main 
tests are employed. In the lift off test [30] the 
patient places the dorsal aspect of their hand in 
the small of the back or on their buttock and try to 
lift their hand against resistance without breaking 
their wrist. In the belly press test [31] the patient 
places their palm on their umbilicus and try to lift 
their arm off their abdomen against the examin-
ers resistance without breaking their wrist or 
internally rotating their shoulder [32] (Fig. 26.9).

 Biceps Load Test

The patient’s arm is held in 90° abduction of the 
shoulder with 90° flexion of the elbow and exter-
nal rotation [33, 34]. Then the patient draws the 
arm into external rotation until the end of their 
range of motion. The patient flexes against resis-
tance in this position. Pain elicited by this test may 
indicate a LHBT tear, Labral tear or both [33, 35].

 Hawkins-Kennedy Test

The patient’s humerus is flexed forward to 90° 
and the examiner internally rotates the shoulder 

Fig. 26.8 The examiner is performing Jobe’s empty can test Fig. 26.9 The examiner is performing the belly press test
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[36]. This test may reproduce pain due to 
impingement and has relatively high sensitivities 
for bursitis and rotator cuff abnormalities [36–
38]. The bicipital groove is also provoked in this 
test as it becomes in direct contact with the 
acromion.

 Selective Injection

The use of selective injections in cohort with the 
various maneuvers described above may clarify 
the clinical picture of a patient presenting with 
LHBT pathology [39]. Selective injections help 
to differentiate LHBT pathology from other 
causes of shoulder pain as well as pain referred 
from surrounding structures such as the cervical 
spine [40]. Ultrasound (US) guided injection is 
essential to ensuring accurate delivery of the 
analgesic to the proper location and to ensure the 
safety of the injection, preventing rupture of the 
LHBT. The injection can be delivered to the sub-
acromial reign to alleviate the symptoms of 
impingement. If impingement is ruled out after 
subacromial injection and anterior pain remains, 
injection to the bicipital groove can further clar-
ify pathology. If reduction of pain is seen after 
bicipital groove injection, this suggests LHB 
pathology. An examiner can further perform 
intra-articular injection when evaluating a sus-
pected intra-articular origin of pain including 
SLAP tear or adhesive capsulitis.

 Imaging

The use of imaging studies in relation to the 
physical exam can help in the evaluation and 
treatment of biceps tendon pathology. As with 
the use of all imaging technologies it is important 
to consider the advantages, exposure risks, costs, 
and accessibility of each imaging modality. Plain 
radiographs are ubiquitous, easily accessible and 
supply immediate results. Therefore, it essential 
that the clinician adopt a systemic approach in 
order to fully evaluate and utilize the plain film in 
the assessment and evaluation of each patient. 
Shoulder pain is often evaluated with three 

orthogonal plane film views. The anteroposterior 
(AP), scapular Y view (Trans scapular view), and 
axillary views are commonly taken. The bicipital 
groove view [13] (Fig. 26.10) can be useful in 
specific circumstances. This view serves to mea-
sure the depth and width of the groove as well as 
the slope of its medial wall in degenerative cases 
and instability of the LHB [13].

Additional films in alternate radiographic 
views can be taken based on an examiners clini-
cal suspicion. Though the majority of patholo-
gies in the shoulder are related to soft tissue 
injuries, CT scans can be employed to obtain 
superior imaging of the bony anatomy as well as 
auxiliary testing for those patients with contrain-
dications to MRI. Ultrasound (US) imaging plays 
a role in the diagnosis of shoulder pathologies, as 
it is a non-invasive, low cost, and low exposure 
technique. Specifically, US can demonstrate ten-
don or muscle rupture and inflammation in addi-
tion to assistance in localizing the LHBT in the 
humeral groove (Fig. 26.11a, b).

US can be used a tool to help excluded pathol-
ogy as it can show the rotator cuff musculature 
dynamically. US aids in localization of pain by 
giving real time feedback upon palpation of 
underling anatomical structures with the US 
probe. The viewer can visualize subluxation and 
dislocation of the biceps tendon with external 
rotation in real time. US can help to diagnose 
rupture or partial rupture as well as hourglass 

Fig. 26.10 This image is an X-ray demonstrating the 
bicipital groove view
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appearance of the biceps tendon where the ten-
don is entrapped and cannot slide freely in the 
bicipital groove. Fluid can be seen on US around 
the biceps tendon, which may be secondary to 
primary bicipital biceps tendonitis or secondary 
to adhesive capsulitis, osteoarthritis, rotator cuff 
pathology or other mechanisms [41, 42].

Both Magnetic Resonance Imaging (MRI) 
and MRI arteriogram are regularly employed to 
visualize the biceps tendon and pathology of the 

shoulder joint. Axial and sagittal oblique views 
may provide superior visualization of the biceps 
tendon to other views. Unfortunately, even 
though MRI is a useful tool for non-invasive soft 
tissue inspection, the findings often correlated 
poorly with those seen directly by arthroscopy 
[43, 44]. Contrast materials improve the sensitiv-
ity and specificity of biceps pathology diagnoses 
aided by MRI [45, 46].

 Classification

To the best of our knowledge there are no widely 
used classification systems solely employed for 
the description of isolated biceps tendon tears. 
Tears may be described according to the severity 
of the tear, location in relation to surrounding 
structures, and with regard to the length, width, 
and thickness. Multiple classification systems 
exit to classify SLAP tears, which include LHBT 
involvement. These classification systems 
include the original Snyder Classification [47] 
(types 1–4) and the Maffet Sub-Classification 
[48] (which adds types 5–7) as described below.

Type 1: Degenerative fraying of the superior 
labrum with intact biceps anchor.

Type 2: Detachment of the superior labrum 
and biceps tendon from the glenoid rim.

Type 3: Bucket-handle tear of labrum with 
intact biceps anchor.

Type 4: Bucket-handle tear of labrum extended 
into the biceps tendon.

Type 5: SLAP tear with anterior inferior 
extension.

Type 6: Anterior or posterior flap tear with the 
bucket handle tear.

Type 7: SLAP with extension to the glenohu-
meral ligament.

 Nonsurgical Treatment

Although outcomes of operative procedures may 
be very good and reliable, nonsurgical treatment 
of biceps tendon pathology is the first and pre-
ferred treatment modality [49]. Tendinitis of the 
biceps tendon should first be treated with rest, 

a

b

Fig. 26.11 The examiner is demonstrating ultra sound 
imaging technique for viewing the long head of the biceps 
tendon
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modification of activity, non-steroidal anti- 
inflammatory medication and physical therapy. 
Physical therapy should be targeted at both the 
biceps tendon pathology and contaminant pathol-
ogies. Bicipital sheath steroid injections may offer 
adequate pain relief for symptomatic patients. 
This procedure can be performed under US [50]. 
Once a patient has failed a comprehensive course 
of conservative management or if a patient pres-
ents with marked injury requiring surgical inter-
ventions, invasive procedures may be considered.

 Surgical Treatment

There are many effective procedures available for 
treatment of biceps pathology. In order to choose 
the optimal procedure a patients age, activity 
level, and expectations must always be taken into 
account. Decompression and or debridement are 
often suitable to treat minor tendon tears or fray-
ing of the biceps tendon [51]. Biceps tenotomy 
usually consists of intra-articular dissection of 
the LHBT. Tenotomy of the biceps is more suit-
able of patients without physical demands or 
when an athlete requires a hasty return to activity 
[52]. The advantages and disadvantages of tenot-
omy must also be considered. Although tenotomy 
is a relatively simple surgical technique and does 
not require immobilization the procedure causes 
distal displacement of the muscle belly often 
with fatigue and muscle cramping [53, 54].

Tenodesis is a popular treatment for young 
active patients with tearing, subluxation, disloca-
tion, or hourglass deformity [55]. However teno-
desis is not a preferred procedure in individuals 
with full thickness biceps tendon rupture unless 
the patient prefers tenodesis due to cosmetic rea-
sons, such as in a body builder. This procedure 
begins with detachment of the LHBT followed 
by reattachment of the tendon on the humerus. 
Tenodesis is often performed simultaneously 
with procedures to remedy concurrent shoulder 
pathology such as rotator cuff tears. Biceps teno-
desis often is able to prevent atrophy while pre-
serving muscle strength, function and cosmetic 
appearance [56, 57]. This technique does not 
require significant post surgical immobilization 

or prolonged rehabilitation. However, compared 
to tenotomy, tenodesis is a more challenging pro-
cedure and necessitates longer rehabilitation and 
immobilization for the patient. Fixation failure is 
a possible complication [12].

Procedures for SLAP tears include debride-
ment, SLAP repair, and tenotomy or tenodesis. 
The optimal procedure for SLAP repair is most 
often chosen based on the classification of the 
SLAP tear. Type I lesions are most often treated 
with debridement. In patients with Type II SLAP 
tears arthroscopic debridement and reattachment 
of the biceps tendon to the superior glenoid rim is 
common. In type III SLAP tears the bucket handle 
tear is excised and the biceps anchor may be 
repaired in the case of anchor instability. Surgical 
intervention for type IV SLAP tears depends upon 
the degree of biceps tendon involvement. In cases 
with minimal biceps involvement the biceps 
anchor may be left intact and the pathological por-
tion resected. In cases of extensive biceps tendon 
involvement age is an important factor in consider-
ing reattachment of the labrum and biceps tendon 
to the glenoid rim or biceps tenodesis. However, 
arthroscopic biceps screw arthrodesis performed 
at the articular margin is the preferred procedure 
and results in a low surgical revision rate, a low 
rate of residual pain, and significant improvement 
in objective shoulder outcome scores [58].

LHBT entrapment resulting in hourglass 
deformity of the biceps tendon is usually treated 
with isolated biceps tenotomy or tenodesis. 
Choosing the optimal operative procedure is 
based on a patient’s age, expectations, contami-
nant pathology, surgeon preference and skills. 
In both tenotomy and tenodesis it is important 
that the intraarticular area of hypertrophy of the 
biceps tendon is excised to resolve the mechani-
cal block. Tenodesis is the preferred technique in 
LHBT entrapment with hourglass deformity [16].

 Postoperative Rehabilitation

The postoperative rehabilitation protocols for 
biceps tenodesis begin with immediate initiation 
of pendulum exercises. Both active and passive 
exercises are begun 7–10 days postoperatively. 
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Finally, active exercises are begun 6 weeks post 
surgery with regular rehabilitation follow up vis-
its. All rehabilitation protocols should be indi-
vidualized to fit the needs, recovery trajectory, 
range of motion progress and pain level of the 
patient. However, in the case of biceps tenodesis 
the patient often has undergone simultaneous 
procedures for contaminant pathology. The addi-
tional surgical procedures should be taken into 
account when designing postoperative rehabilita-
tion protocols and goals for each patient.

In biceps tenotomy care must be taken not to 
extend the elbow beyond 45° for the first 3 weeks. 
It is also important to exclude active biceps flex-
ion for the first 6 weeks. As always, managing 
patient expectations and encouraging communi-
cation between the patient and clinician is vital to 
successful surgical procedures and postoperative 
rehabilitation.

Questions
 1. Please find the false statement about biceps 

tendon pathologies
 A. Distal tendon rupture of biceps is less 

common than proximal rupture
 B. Biceps tendonitis is characterized by ante-

rior shoulder pain
 C. ‘Reverse Popeye sign’ is specific for prox-

imal tendon avulsions
 D. It may be difficult to differentiate partial 

biceps tendon tear from tendonitis based 
on history and physical examination alone

 E. Entrapment of the biceps tendon is usually 
associated with rotator cuff tendon rupture
C.

 2. In which patients do the authors recommend 
tenodesis instead of tenotomy only?
A. Elderly patients with rotator cuff tear
 B. Patients with shoulder pain due to arthritis
 C. Adhesive capsulitis
 D. Rotator cuff rupture
 E. Young athletic patients

E.  Although studies do not show any 
superiority of tenodesis vs tenotomy, 
tenodesis is recommended in young 
patients who participate in sports. The 
incidence of muscle spasm and cramp-

ing may be reduced in tenodesis 
patients as compared to tenotomy 
patients. Cosmetic appearance is 
another indication for tenodesis.

What is new?
What if a patient does not pursue any treat-

ment for his/her biceps tendon rupture?
Chronic rupture of the long head of the 

biceps tendon: comparison of 2-year results fol-
lowing primary versus revision open subpecto-
ral biceps tenodesis, Archives of Orthopaedic and 
Trauma Surgery, May 2016, Euler SA.
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Rotator Cuff Surgery

Gazi Huri and Saygin Kamaci

 Introduction

Rotator cuff pathology is one of the most com-
mon pathologies all around the globe treated 
by the upper extremity surgeon. Prognosis and 
approach to the rotator cuff lesions varies upon 
the type and the nature of the lesion. Several 
classification systems have been proposed in 
this manner. History, physical examination and 
imaging are crucial in the diagnosis of the torn 
cuff. Clinical management of these lesions var-
ies from conservative treatment to arthroscopic 
and open cuff repair and even glenohumeral 
arthroplasty. Surgical procedure is driven by 
numerous factors including; the amount of the 
cuff tear, quality of the cuff, number of the ten-
dons affected, patient age and coinciding gleno-
humeral osteoarthritis.

 Diagnosis and Classification

 Diagnostic Tests

When evaluating the patient with shoulder com-
plaints, a wide spectrum of test is available for 
diagnosis. Diagnostic test should be accurate and 
precise. However, the gold standard is often the 
appearance of the cuff during the rotator cuff sur-
gery. Additionally, positive and negative likeli-
hood ratio of the test is important that estimates 
the probability of having the diagnosis that the 
given test could change.

 History

How a rotator cuff tear could precisely and accu-
rately be diagnosed? History gives us important 
information. Acute rotator cuff tears are often 
manifested by acute onset pain accompanied with 
limited range of motion. Chronic tears might be 
related with activity pain and weakness, crepitus 
and night pain. A study of 518 patients diagnosed 
with rotator cuff tear presented that night pain had 
a sensitivity of 0.88 and specificity of 0.2 with a 
positive likelihood ratio of 1.1 (does not change 
the probability of disease when finding is present) 
and negative likelihood ratio of 0.6 (when absent 
in the history the probability that the patient has a 
rotator tear is somewhat less likely) in diagnosing 
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rotator cuff tear. Additionally, history of trauma 
had a sensitivity of 0.36 and specificity of 0.73; 
positive likelihood ratio of 1.33 and negative like-
lihood ratio of 0.88 (Litaker D, 2000 #1).

 Tests

It has been widely studied whether physical 
examination tests are capable of diagnosing 
a full thickness rotator cuff tear. Interestingly, 
many tests had a positive likelihood ratio of near 
1 which means a positive test does not change 
the probability of have rotator cuff tear. Best 
tests would have high likelihood ratios. Lag 
signs, have a high likelihood ratio, are the most 
useful tests for the diagnosis of rotator cuff tear 
(Table 27.1). Lag sign tests, in which the arm is 
positioned in a certain position and the patient 
is asked to hold the arm in the determined posi-
tion. Lag signs require a functional rotator cuff 
otherwise the patient is unable to prevent the 
position of the arm and lags back in starting 
position. Lag sings for supraspinatus and infra-
spinatus tears are drop arm test, external rota-
tion of the arm at the side and external rotation 
of the abducted arm. Lag sign for the subscapu-
laris tear could be done by internally rotating 
the arm at the back. Lag signs have a positive 

high likelihood ratio, which means the patient 
had a high probability of rotator cuff tear when 
the test is positive. However, lag signs have a 
negative likelihood ratio close to 1.0 that means 
the probability of the patient has a rotator cuff 
tear is not changed much.

Accuracy and precision for a useful physical 
examination test is mandatory. The precision is 
determined by inter and intra-observer agreement 
studies. According to a study, painful arch and 
resisted external rotation tests had a fair to sub-
stantial inter-observer agreement while empty can 
test and lift-off test had lower levels of agreement 
(ll, 1990 #2). Great variation occurs in how physi-
cal examination tests for the shoulder are per-
formed and how the findings are interpreted.

 Imaging

 MRI
Many studies have been done in order to assess the 
role of MRI in diagnosis of rotator cuff tears. 
According to a metaanalysis of 65 studies by Jesus 
et al. MRI was found to be highly sensitive and 
specific for diagnosing cuff tears (0.93 and 0.92, 
respectively). Additionally, MRI has positive like-
lihood ratio of 13.14 and negative likelihood ratio 
of 0.09. Otherwise MRI was found to have a 

Table 27.1 Physical examination tests used to diagnose rotator cuff tears

Test Author N Sensitivity Specificity PPV NPV +LR −LR
Lag signs
Drop arm test Park (2005) 913 0.35 0.88 0.65 0.67 2.79 0.74
Lift off Hertel (1996) 100 0.62 1.00 1.00 0.69 30.80 0.40
Belly off sign Bartsch (2010) 50 0.86 0.91 0.81 0.94 9.56 10.15
Internal rotation  lag Hertel (1996) 100 0.7 1.00 1.00 0.56 34.8 0.3
External rotation lag Miller (2008) 37 1.00 0.84 0.28 1.00 6.2 0.0
Physical examination
Jobe (empty can)—pain Itoi (1999) 143 0.63 0.55 0.31 0.82 1.4 0.7
Jobe (empty can)—weakness Kim (2006) 200 0.76 0.71 0.56 0.86 2.6 0.34
Full can—pain Itio (1999) 143 0.66 0.64 0.37 0.85 1.8 0.5
Full can—weakness Kim (2006) 200 0.77 0.68 0.54 0.86 2.41 0.33
Neer Park (2005) 913 0.59 0.47 0.41 0.65 1.12 0.86
Hawkins Park (2005) 913 0.69 0.48 0.45 0.71 1.33 0.65
Painful Arc Litaker (2000) 448 0.97 0.10 0.67 0.69 1.1 0.3
Belly Press Test Barth (2006) 68 0.40 0.98 0.89 0.80 20.00 0.61
Napoleon Test Barth (2006) 68 0.25 0.98 0.83 0.76 2.08 0.77
N number of patients, PPV positive predictive value, NPV negative predictive value, +LR positive likelihood ratio,  
−LR negative likelihood ratio
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 sensitivity of 0.64 and specificity of 0.92 in diag-
nosing partial cuff tears (de Jesus JO, 2009 #3). 
This data shows that MRI is not only useful to 
detect cuff tears when present but also is very 
effective in ruling out cuff tears when absent. 
Which means that MRI is better than physical 
examination tests for ruling out the rotator cuff 
tears. (de Jesus JO, 2009 #3) (Balich SM, 1997 #4).

 USG
Ultrasonography is a useful diagnostic tool for 
diagnosis full thickness rotator cuff tears with a 
sensitivity of 0.92, specificity of 0.94 and positive 
likelihood ratio of 15.33 and negative likelihood 
ratio of 0.08. Major drawbacks of USG are; the 
lower sensitivity and specificity for partial thick-
ness rotator cuff tears and the need for an experi-
enced ultrasonographist are the drawbacks. Indeed, 
non-invasive USG is still one of the most powerful 
tools in diagnosis. (de Jesus JO, 2009 #3).

 MR Arthrography
Gadolinium injected magnetic resonance arthrog-
raphy is the most powerful tool for diagnosing 
both full thickness and partial rotator cuff tears. 
MR arthrography had a sensitivity of 0.95, speci-
ficity of 0.99, positive likelihood ratio of 95 and 
negative likely hood ratio of 0.05 (Snyder SJ, 1991 
#5). These values are much better than MRI and 
ultrasonography. Additionally, MR arthrography 
has an excellent inter-observer (k: 0.91) and mod-
erate intra-observer (k: 0.49) agreement. However, 
risk of infection or reaction to gadolinium and 
higher cost of this imaging are major drawbacks.

 Classification Systems for Rotator 
Cuff Tears

Rotator cuff tears includes a wide spectrum of 
pathologies from tendinosis, to partial cuff tears, 
to full thickness cuff tears and cuff tear arthropa-
thy. It is relatively easy to distinguish these 
pathologies and each portion has its own classi-
fication system. The best classification system 
should (1) Be unambiguous in how patients are 
differentiated, (2) Have high inter and intra- 
observer agreement, (3) Give insight into prog-
nosis and influence the treatment.

Tendinosis requisites an intact rotator cuff. 
Rotator cuff tear arthropathy is seen with arthritic 
changes in glenohumeral joint. Partial and full 
thickness rotator cuff tears could be easily diag-
nosed and differentiated from each other using 
MRI (Spencer EE, 2008 #6). However, distin-
guishing the type and the severity of partial thick-
ness rotator cuff tear is challenging.

 Partial Thickness Tears of Rotator Cuff
Charles Neer II recognized that the severity of 
rotator cuff tear is associated with patient’s age. 
(II, 1983 #7) He classified partial rotator cuff tears 
into three stages; Stage I: reversible edema and 
hemorrhage stage with the patient <25 years of 
age, Stage 2: Fibrosis and tendinitis stage with the 
patient 25–40 years of age, Stage 3: Bone spurs 
and tendon ruptures stage (>40 years of age).

Fukuda modified the Neer’s classification 
based on the integrity of the tendon (Fukuda H, 
1982 #8). Additionally, Fukuda stated that partial 
thickness rotator cuff tears may present on articu-
lar surface, bursal surface and may be the delami-
nation of the tendon.

Ellman classified partial rotator cuff tears based 
on location and grade (H, 1990 #9). Location of 
the tear was either on the articular surface, bursal 
surface or interstitial and grading was the deepness 
of the tear.

Snyder reported their results of arthroscopic 
treatment and proposed a classification system 
based on location, size and severity. He defined 
the letter “A” for articular surface, “B” for bur-
sal tears, “C” for complete tears. Size and sever-
ity of tear is classified upon arthroscopic 
examination of the tendon from Grade 0 (nor-
mal rotator cuff) to Grade 4 (flap formation and 
retraction of partial- thickness flap >3 cm) 
(Snyder SJ, 1991 #10).

In summary, there is no ideal classification 
system for partial-thickness rotator cuff tears. 
Imaging studies could precisely distinguish full- 
thickness rotator cuff tears from partial-thickness 
cuff tears but could not easily differentiate 
partial- thickness cuff tears.

 Full Thickness Tears of Rotator Cuff
Several classification systems were proposed for 
differentiating the full-thickness rotator cuff 
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tears. Various features were described including 
chronicity, size, shape or the geometry, number 
of the tendons involved, quality of the muscle and 
quality of the tendon.

Chronicity
Chronicity may have profound influence on the 
outcome, yet not many classification systems 
include this entity. Neer (ll, 1990 #2) considered 
chronicity in his classification system as impinge-
ment (chronic and progressive) and traumatic. 
Ellmen (H, 1991 #11) described rotator cuff tears 
as acute (<6 weeks), subacute (6 weeks to 
6 months), chronic (6 months to 1 year) and old 
tears (>1 year). Sallay (Sallay PI, 2007 #12) men-
tioned acute on chronic full thickness rotator cuff 
tears in his classification system.

Size
DeOrio and Cofield (DeOrio JK, 1984 #13) clas-
sified full thickness rotator cuff lesions based on 
the greatest length as small (<1 cm), medium 
(1–3 cm), large (3–5 cm) and massive (>5 cm).

Geometric Classifications
Invention of MRI has resurrected interest on the 
geometry of the full thickness rotator cuff tears. 
Buckhart recognized that the geometric pattern of 
the rotator cuff tear might influence the way that 
the surgeon mobilizes tendon during repair. He 
proposed a geometric classification and suggested 
optimal treatment for the different types (Davidson 
J, 2010 #14). Type I: Crescent tear is best treated 
with end to bone repair, Type II: Longitudinal, 
L-shaped, U-shaped tears are best treated with mar-
gin convergence, Type III: Massive and retracted 
tears are best treated with interval slides and  partial 
repair, Type IV: Rotator cuff tear arthropathy is 
best treated with arthroplasty.

Number of Tendons Torn
First classification system described by Ellman 
based on the tendon involved, the classification is 
lacking that there is no way the describe rupture 
of two or more tendons that often occurs. Several 
classification systems described in this manner. 
Patte’s offered a complex classification system 
for full thickness rotator cuff tear, that included 
information of the extend of the tear, topography 
in the sagittal and frontal planes, the trophic 

 quality of the muscle, and the integrity of the 
long head of biceps (D, 1990 #15) (Table 27.2).

Mobility of the Tendon and Tissue Quality
In addition to the features described above, Sallay 
proposed a classification system based on mobil-
ity and tissue quality. Mobility of the tendon is 
defined as excursion and elasticity of the tendon 
(subjectively described as excellent, moderate, 
poor). Tissue quality is defined as tendon thick-
ness, and ability to hold suture (excellent, moder-
ate, poor) (Sallay PI, 2007 #12).

Quality of Muscle—Atrophy and Fatty 
Infiltration
Atrophy and fatty infiltration of the rotator cuff 
muscles had been classified by various classifica-
tion systems. The most widely known classification 
system proposed by Goutallier used computed 
tomography (CT) to assess muscle atrophy associ-
ated with rotator cuff tears (Goutallier D, 1994 
#16). On the CT image, the tip of the coracoid pro-
cess and the inferior margin of the glenoid are noted 
and measurements are made. Stage 0 = completely 

Table 27.2 Patte’s classification for full-thickness rota-
tor cuff tears

Extend of tear
Group 1: Partial tears. Full tears <1 cm in sagittal plane 
at bony detachment
    (a) Deep, partial tears
    (b) Superficial tears
    (c) Small, full-substance tears
Group 2: Full substance tears of entire supraspinatus
Group 3: Full substance tears of more than one tendon
Group 4: Massive tears with glenohumeral arthritis
Topography of tear in sagittal plane
Segment 1: Subscapularis tears
Segment 2: Coracohumeral ligament tear
Segment 3: Isolated supraspinatus tear
Segment 4: Entire supraspinatus and 1/2 of 
infraspinatus tear
Segment 5: Entire supraspinatus and infraspinatus tear
Segment 6: Subscapularis, supraspinatus, infraspinatus tear
Topography of tear in frontal plane
Stage 1: Proximal stump close to bony insertion
Stage 2: Proximal stump at level of humeral head
Stage 3: Proximal stump at level of glenoid
Quality of muscle
State of long head of biceps

From Patte D. Classification of rotator cuff Iesions. Clin 
Orthop and Relat Res 1990;254:81–86
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normal muscle, Stage 1 = muscle contains some 
fatty streaks, Stage 2 = Muscle more than fatty infil-
tration, Stage 3 = Muscle equal to fat, Stage 
4 = More fat than muscle. Goutallier classification 
was found to have moderate inter-observer agree-
ment (Goutallier D, 1994 #16).

Thomazeau described fatty infiltration using 
MRI in the oblique sagittal plane to produce a 
Y-shaped view (Thomazeau H, 1996 #18). An 
“occupation ratio” is calculated as the cross- sectional 
area of the supraspinatus muscle over the cross-sec-
tional area of the entire supraspinatus fossa.

Subscapularis Tears
Tears of the subscapularis deserves special atten-
tion as the often occur independently and may be 
associated with glenohumeral instability and 
biceps instability. Lafosse proposed a classifica-
tion system based on increased severity. Type I: 
partial lesions of the superior third, Type II: com-
plete lesions of the superior third, Type III: com-
plete lesions of superior two-thirds, Type IV: 
complete lesions of the tendon with humeral 
head centered and fatty degeneration as less than 
or equal to Gautallier stage III, Type V: Complete 
lesion of the tendon with eccentric head with 
coracoid impingement and fatty degeneration of 
greater than Goutallier stage III.

Rotator Cuff Tear Arthropathy
Glenohumeral joint stability might be interfered 
with large rotator cuff tears. Deltoid over powers 
following the rotator cuff deficiency and the 
humeral head migrates superiorly resulting in 
articulation of humeral head with the acromion. 
Abnormal joint kinematics leads cartilage degra-
dation and ends with arthritis. Neer described this 
pathology as “ Rotator cuff tear arthropathy” 
(Neer CS II, 1977 #19).

Visotsky-Seebauer described rotator cuff tear 
arthropathy into four radiological grades; 
Hamada proposed a classification system based 
on the radiologic severity of gleohumeral arthritis 
into five grades; and Sirviaux classified glenohu-
meral arthritis based on glenoid erosion into four 
grades (Table 27.3).

Kappe et al. studied the reliability of Favard, 
Visotksy-Seebauer, Hamada and Siveroux radio-
logic classification systems for rotator cuff tear 
arthropathy (Kappe T, 2011 #20). Sirveaux 

 classification system was found to have the best 
 reliability but it classifies only the glenoid (Sirveaux 
F, 2004 #21). The Favard system was not reliable 
and the Visotsky-Seebauer systems were found to 
have similar intra- and inter-observer agreement.

 Rotator Cuff Repair; Open Approach

Rotator cuff repair surgery is evaluating gradu-
ally since the first rotator cuff repair reported by 
Codman in 1911 (EA, 1911 #23). Long-term 
clinical studies showed a success rate of 83% for 
avoiding further surgery in patients with rotator 
cuff tears (Cofield RH, 2001 #24). There has 
been a significant evolution with the introduction 
of arthroscopic techniques and understanding the 
rotator cuff surgery principles in the past two 
decades. To best of our knowledge, almost all of 
the rotator cuff tears could be treated arthroscopi-
cally. The main principles of rotator cuff repair 
that were derived from open surgery remain the 
same. The fundamental principles include; tear 
identification, debridement, proper mobilization 
and tension-free repair, individualized and sur-
geon driven physical therapy. Understanding the 
principles of open surgery is crucial for the upper 
extremity surgeon. Additionally, open approaches 
are still in use of some revision surgeries and 
massive tear surgery with tendon transfer.

 Approach

Many approaches were identified for rotator cuff 
surgeries. Posterior approach was identified by 
Norwood et al. (Norwood LA, 1989 #25) and 

Table 27.3 Sirveaux classification of cuff tear 
arthropathy

Type Description
E0 Upward migration of humeral head without 

erosion of glenoid
E1 Concentric erosion of glenoid
E2 Erosion of superior part of the glenoid
E3 Erosion extends to inferior part of the glenoid

From Sirveaux F, Favard l, Oudet D, Huquet D, Walch G, 
Mole D. Grammont inverted total shoulder arthroplasty in 
the treatment of glenohumeraI osteo-arthritis with mas-
sive rupture of the cuff. ResuIts of a multicentre study of 
80 shoulders. J Bone Joint Surg Br 2004;86:388–395

27 Rotator Cuff Surgery



398

anterior delto-pectoral approach for subscapularis 
tears was Leffert and Rowe (CR, 1988 #26). Some 
authors preferred an anterior-superior approach 
through a split down or take down proximal del-
toid while others use anterior deltoid splitting 
approach. Various modifications of these 
approaches were published regarding the addi-
tional procedures included like acromionectomy 
and distal clavicle resection.

 Decompression

Traditional decompression consists of anterior 
acromioplasty, resection of coracoacromial liga-
ment, and resection of the osteophytes of the 
acromion projecting inferiorly (2nd, 1972 #27). 
Coracoacromial arch is believed to have a buffer-
ing affect in resisting superior translation of the 
humeral head especially when the rotator cuff 
stability is absent due to rupture. Superior sub-
luxation of the humeral head can be seen after 
decompression without repairing massive rotator 
cuff repair. Furthermore, it could be seen after 
decompression in the setting of failed massive 
cuff repair (AM, 1991 #29). Watson reported bet-
ter results with acromioclavicular ligament inci-
sion rather than resection in his cases of rotator 
cuff repair (M, 1985 #28). The coracoacromial 
arch was conjectured to be a stabilizing factor 
during arthroplasty in patients with end stage 
rheumatoid arthritis and cuff tear arthropathy 
(Arntz CT, 1993 #30).

 Tendon Mobilization and Repair

Tendon mobilization is an essential factor not only 
to allow tendon repair but also to free muscle- 
tendon units and glide for avoiding stiffness (CS, 
1990 #31). Muscle tendon unit should be freed from 
adhesions so that it could glide provide tension-free 
repair. Without optimal mobilization, the repair 
might end with stiff shoulder. Then the stretching 
exercises could pull out the repair. Intraoperatively, 
the repair should always be done with arm at the 
side to ensure adequate mobilization.

Repair done arm positioned in abduction 
would likely fail. Even though, the abduction 

brace relieves the tension on the construct. 
Removing the brace would create a gap between 
two ends of the repair.

It has been emphasized that the underlying 
biology of the tendon has superior effect on heal-
ing an outcome than the small amount of differ-
ence in biomechanical strength between different 
fixation methods (2nd, 1972 #32). None of the 
specific reattachment methods was shown to be 
superior to the others.

Creating a cancellous bone surface by remov-
ing the cortical bone from the tuberosity is unnec-
essary and might reduce the fixation of anchors. 
Additionally, healing capacity of cancellous bone 
has not been shown to be significantly superior to 
the cortical bone (St Pierre P, 1995 #39). It is 
widely believed that removing non-healing bur-
sal tissue and scar freshens the repair site. Most 
surgeons remove cortical bone surface simply 
without interpreting the repair site.

An inexpensive method for osseous fixation is 
to create bone tunnels through the greater tuber-
osity. Several conventional methods and implants 
were identified in this manner.

With popularization of arthroscopic rotator cuff 
surgery, suture anchors were invented which also 
could be used in open surgery. Double row con-
structs was found to have better contact area, initial 
mechanical strength and reduced gap formation 
compared to single row constructs, biomechani-
cally (Ahmad CS, 2008 #33) (Ahmad CS, 2009 
#34) (Baums MH, 2010 #35) (Baums MH, 2008 
#36) (KimDH, 2006 #37) (Ma CB, 2006 #38). 
However, several level 1 studies failed to show the 
effect of fixation method on the outcome (Burks 
RT, 2009 #40) (Franceschi F, 2007 #41) (Grasso A, 
2009 #42). A meta-analysis show reduced re-tear 
rates with double row repair but is clinical benefits 
of the double row is small (Pennington WT, 2010 
#43). The optimal fixation should be determined 
and individualized, intra- operatively. It is worth-
less to over tension a tendon with double row con-
struct instead of using a single row.

 Deltoid Repair

Deltoid must be securely repaired during open sur-
gery. Damage to the deltoid origin or detachment 
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of deltoid might cause serious complications. 
Deltoid origin should be reattached with heavy 
(2-0) non-absorbable sutures. Preserving the del-
toid origin is the major advantage of arthroscopic 
rotator cuff surgery. However, subperiosteal eleva-
tion of deltoid origin during arthroscopic acromio-
plasty might cause damage, which might cause 
weakness of the deltoid muscle (Rockwood CA 
Jr., 1995 #44). Is of paramount importance to keep 
the anterior-superior origin of the deltoid during 
arthroscopic acromioplasty.

 Rehabilitation

Delayed rehabilitation after arthroscopic rotator 
cuff repair is found to allow tendon healing with-
out impairing the motion (Parsons BO, 2010 
#45). However, wide soft tissue dissection per-
formed in open surgery might cause extensive 
scarring if the rehabilitation is delayed. Many 
surgeons start passive range of motion immedi-
ately after the surgery and delay active range of 
motion for tissue healing. The secure limit of 
motion is best assessed depending on the strength 
of fixation and tissue quality during surgery.

Stiffness most likely occurs after massive rota-
tor cuff repair. Gradual passive range of motion 
exercises without pulling out the repair is the key-
stone of rehabilitation protocol. Otherwise in 
patients with small tears dehiscence of the repair is 
uncommon and more aggressive rehabilitation 
program could be started after surgery. Close com-
munication with physical therapists is crucial and 
the surgeon should lead the rehabilitation.

 Open Management; Mini-Open 
Rotator Cuff Repair

Mini open approaches are performed with split-
ting the deltoid without any take down of the ori-
gin. Skin incision ranges 3 cm from portal 
extensions in a longitudinal fashion. Mini-open 
approach is best suited for small (0–1 cm) to 
medium sized (1–3 cm) tears. The retraction of 
the tendon should not exceed mid-humeral head.

Arthroscopy assisted mini-open approach 
starts with diagnostic arthroscopy of the 

 glenohumeral joint following diagnostic arthros-
copy of subacromial space. Than arthroscopic 
bursectomy, soft tissue debridement and acromio-
plasty is performed. Tendon is mobilized and 
greater tuberosity is prepared. Suture anchor is 
placed and sutures are passed into the tendon. 
Finally, the knots are tied. These steps could also 
be performed in a full arthroscopic approach. If 
the case becomes more challenging for the skill 
of the surgeon, the procedure could easily be 
changed to mini-open approach.

This technique is recommended for isolated 
supraspinatus tears only. Retracted, large tears 
could be repaired easier with a full open or full 
arthroscopic technique. Because of the limited 
exposure of mini-open technique, a complete 
visualization of the tear configuration for anchor 
placement, tendon-to-tendon repair, or tying the 
sutures might be challenging.

 Rotator Cuff Repair; Arthroscopic 
Approach

Arthroscopic rotator cuff repair had enormously 
evolved in the past two decades. With the 
advancements of the surgical principles, tech-
niques and instrumentation almost all patterns 
and sizes of rotator cuff tears can now be repaired 
arthroscopically. Biologic healing could be 
achieved with a biomechanically stable construct. 
The ideal repair construct must optimize the 
suture-to-bone fixation, suture-to-tendon fixa-
tion, abrasion resistance of suture, suture strength, 
suture strength, loop security, knot security and 
restoration of anatomic footprint.

The arthroscopic management of the cuff begins 
with understanding the basic and arthroscopic prin-
ciples. There is a strict relationship between normal 
anatomy and biomechanics. Thus, repairing the torn 
cuff, restoring the anatomy is like solving the puzzle. 
Restored anatomy and normal biomechanics with 
appropriate repair pattern brings the function.

 Balance of Forced Couples

The rotator cuff and extrinsic muscles create 
moments to produce specific rotational motion. 
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Surrounding muscles are positioned to create bal-
ance thus shoulder can maintain a stable fulcrum 
of motion (Inman VT, 1944 #46) (SS, 1993 #47) 
(SS, 1991 #48). This mechanical system is called 
forced couples. When force couples are disrupted 
with a massive cuff tear active shoulder motion 
will be lost. The main principle of rotator cuff 
repair is to rebalance forced couples.

 Rotator Cable

The intact rotator cuff demonstrates an arching, 
cable like thickening surrounding a thinner cres-
cent of tissue that inserts into the greater tuberos-
ity of humerus. This is known as cable-crescent 
complex. The cable like structured is located 
medial to the avascular cuff insertion. This cable 
might function as a load bearing bridge, which 
transmits the force to the avascular zone. That 
could cause stress-shielding effect and protect the 
cuff insertion from excessive loading forces.

Load distribution in rotator cuff tear could be 
explained with a suspension bridge model. The 
free margins of the tear corresponds the supports 
at each end.

 Seeing and Reaching the Pathology

Any tear that is visualized and reached by the 
instruments could be repaired arthroscopically. 
Visualization is directly related with bleeding 
control, which is achieved by controlling the fac-
tors below.

Hypotensive anesthesia during arthroscopic 
rotator cuff repair is widely used. Unless contra-
indicated, patients’ systolic blood pressure is 
maintained between 90 and 100 mmHg. 
Arthroscopic pump pressure is generally main-
tained at 60 mmHg. If the bleeding impairs 
vision, it can be temporarily increased to 
75 mmHg up to 10–15 min. A separate 8 mm 
inflow cannula is used to maximize inflow. It is 
better not to use inflow cannula for instruments 
because it might cause turbulence.

The most important factor for bleeding control 
is fluid turbulence. Turbulence result from rapid 
inflow from the portal incision, which does not 

have cannula, inserted. If the turbulence occurs it 
could be stopped by applying digital pressure to 
the portal. Increasing pump pressure worsens the 
bleeding.

Surgeon must be familiar to all standard and 
accessory arthroscopic portals to reach and treat 
different types of tears.

 Tear Pattern

Tear patterns are classified based on the shape 
and mobility of the tendon. Four different types 
of rotator cuff tears were described. These are; 
(1) Crescent Shaped, (2) U-Shaped, (3) L-Shaped, 
and (4) Massive retracted immobile tears.

Crescent shaped tears are classic tears and 
have excellent medial to lateral mobility. These 
tears can be directly fixed bone with minimal 
tension.

U-shaped tears are retracted more medial than 
crescent shaped tears. The apex of the tear is 
located close to the medial glenoid rim. The 
repair of U-shaped tear deserves special atten-
tion. The apex of the tear has minimal mobility 
and cannot be fixed to the bone without over ten-
sioning. Over tensioning the repair site causes 
failure. Margin convergence method described to 
repair U-shaped tears. The tear is sequentially 
sutured in a side-to-side fashion from medial to 
lateral. This creates a free lateral edge. Lateral 
free edge is then fixed to the bone with minimal 
tension.

L-shaped and reverse L-shaped tears are simi-
lar to U-shaped tears however; in L-shaped tears 
one leaf is more mobile than the other. Mobile 
leaf could easily reach the bone. Sequential side- 
to- side suturing is performed longitudinally. 
Converged margin is then attached to the tuberos-
ity. In chronic L-shaped tears the posterior retrac-
tion of the tendon is prominent and the tear 
assumes as a more U-shaped. During repair the 
point facing the corner is pulled via a traction 
suture than longitudinal side-to-side suturing is 
performed from medial to laterally. Than con-
verged margin is attached to the bone.

Massive, contracted, irreparable tears could be 
repaired with more sophisticated techniques. 
These tears represent 9.6% of all massive cuff 
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tears (Lo IK, 2004 #49). Neither medial-lateral 
nor anterior-posterior mobility can be obtained. 
These tears cannot be repaired with margin con-
vergence or direct repair. Management of these 
tears is challenging and simple debridement has 
no affect on pain relieve and motion restoration 
(Ellman H, 1993 #50).

Massive tears represents is two different types; 
massive contracted longitudinal and massive 
contracted crescent. In massive contracted longi-
tudinal tears the “tongue” of supraspinatus at the 
anterior origin is useful during repair after ade-
quate mobilization. Massive contracted crescent 
tears are wider in anterior-posterior direction 
than longitudinal are that makes them difficult to 
repair.

Arthroscopic anterior interval sliding tech-
nique described by Tauro is performed through 
accessory lateral portal with cutting instrument 
by releasing the anterior interval between supra-
spinatus and the rotator interval (JC, 1999 #51). 
Supraspinatus gains 1–2 cm of lateral excursion 
by effectively incising the coracohumeral liga-
ments with anterior interval releasing. It is gener-
ally enough to repair massive contracted 
longitudinal tears. Supraspinatus is directly fixed 
to the bone and infraspinatus is repaired with 
side-to-side sutures plus advancement of infra-
spinatus on the bone bed if possible.

For massive contracted crescent tear, 1–2 cm 
lateral excursion is usually not enough for 
tendon- to-bone repair. Double interval sliding by 
releasing the posterior interval in addition to the 
anterior interval provides up to 5 cm lateral 
excursion for supraspinatus and infraspinatus. 
With posterior interval releasing infraspinatus 
can be fixed to the bone. Repairing at least infe-
rior 1/2 of infraspinatus important because the 
anterior moment should be balanced according to 
the force couples principle.

Posterior interval slide could be performed 
through lateral viewing portal. Scapular spine is 
cleared from surrounding fibroadipose soft tis-
sue. Great care should be taken not to harm 
suprascapular nerve, which curves tightly around 
scapular spine and its junction to posterior gle-
noid neck (Warner JJP, 1992 #52). Single and 
double interval slides significantly improves 
motion and relieves pain (SS, 1997 #53).

 Biomechanics of Cuff Fixation

In the light of the recent biomechanical studies, 
cuff fixation constructs are much more superior 
to those of past decade. However, recognizing 
the tear pattern and using an appropriate tech-
nique must be considered. Using in appropriate 
repair techniques will result extensive tension-
ing at the tear margin and cause fixation failure. 
For example, a secure fixation could not be 
obtained in a U-shaped tear repaired with 
medial-to-lateral sutures without using margin 
convergence.

Transosseous rotator cuff repairs are prone to 
failure under cyclic loads because of the bone cut 
by the sutures (Burkhart SS, 1997 #59) (Burkhart 
SS, 1997 #60). This type of failure usually occurs 
when the distal holes were drilled in metaphyseal 
bone rather than thick cortical bone.

Suture anchor repair has a unique failure 
pattern. The weak link is transferred to tendon- 
suture interface and the failure is a result of 
sutures cutting through the tendon. Even so, 
the failure pattern occurs at higher cycles then 
similar transosseous repairs (Burkhart SS, 
1997 #60). Double loading the number of fixa-
tion points of suture to the tendon would reduce 
the load by 50% in each suture (Burkhart SS, 
2000 #61).

Arthroscopic knot tying is the final compo-
nent optimizing the rotator cuff repair. The opti-
mal knot should provide knot security and loop 
security. Knot security, is effectiveness of the 
knot resisting slippage, depends of friction 
interference and slack between throws. Loop 
security is achieved by tight know and protect-
ing the fixation. Therefore, it is important to 
achieve a balance between loop security and 
knot security.

Cuff foot print restoration is another impor-
tant issue, which determines the tendon-bone 
contact area. Increasing the tendon-bone con-
tact area will more effectively transmit forces 
and might improve the potential for complete 
healing. Rotator cuff print could be completely 
be reconstructed with double-row repair tech-
nique. Therefore, adequate lateral excursion 
should be maintained for repair (Liu SH, 1994 
#62).
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 Subscapularis Tendon Tears

Arthroscopic repair of the subscapularis deserves 
special attention. The technique has the follow-
ing difficulties; (1) the available working space 
for the instruments is limited and it is recom-
mended to repair subscapularis first. (2) 
Subscapularis tears are usually associated with 
coracoid impingement and subcoracoid stenosis 
that often necessitates arthroscopic coracoplasty 
(Lo IK, 2003 #54) (Lo IK, 2003 #55) (Lo IK, 
2003 #56) (3) Medial subluxation of biceps ten-
don may be accompanied with subscapularis 
tears, necessitating tenotomy or tenodesis (Lo 
IK, 2004 #57).

In chronic retracted tears of subscapularis, it is 
difficult to identify the tendon. A “comma 
shaped” arc of ligamentous tissue was identified 
located in the superolateral border of subscapu-
laris. That might help locating the superolateral 
border. Comma sign is superior glenohumeral 
ligament-coracohumeral ligament complex torn 
from the humerus (Lo IK, 2003 #58). Comma 
sign functions as the medial sling for the biceps 
tendon serves as a guide to subscapularis tear.

 Massive Contracted Immobile 
Anterosuperior Rotator Cuff Tears

Arthroscopic management of massive contracted 
immobile tears is different when subscapularis is 
chronically torn along with supraspinatus and 
infraspinatus. Coracohumeral ligament has a ten-
dency to rigidly retract and pull the cuff medially. 
Interval slides is helpful to gain lateral excursion. 
Coracohumeral ligament is incised from the base 
of the coracoid, preserving an intact bridge of 
rotator interval tissue containing comma sign. 
Usually better tendon repair is possible. Lateral 
portion of the rotator interval could be used if 
margin convergence is needed.

Questions
 1. Which rotator cuff tear is associated 

mostly with glenohumeral and biceps 
instability?
 A. Supraspinatus
 B. Infraspinatus
 C. Subscapularis
 D. Teres minor

C
 2. Please find the false statement…

 A. Crescent type tears can be fixed directly to 
the bone

 B. Rotator cable might function as a load 
bearing bridge, which transmits the force 
to the avascular zone

 C. The failure pattern of suture anchors 
occurs at lower cycles then similar tran-
sosseous repairs

 D. Mini open technique can be applied at iso-
lated supraspinatus tears

 E. Arthroscopic pump pressure is generally 
maintained at 60 mmHg

C
 3. Which imaging technique has a lower sensitiv-

ity to partial thickness rotator cuff ruptures?
 A. USG
 B. MRI
 C. MR arthrography
 D. Arthroscopy

A

What is new?
Some people lives asymptomatic with rotator 

cuff tears. We do not exactly know why and when 
the rotator cuff tear becomes symptomatic. This 
review gives us a clue about this unlighted topic.

‘A Prospective Evaluation of Survivorship 
of Asymptomatic Degenerative Rotator Cuff 
Tears’ JBJS 2015 January, Keener JD et al.
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Surgical Management of Stiff 
Shoulder

Ahmet Yildirim and Mustafa Özer

 Introduction

Stiffness problem in the shoulder, is a symptom 
that can be caused by many pathologies. It can be 
seen in different clinical presentations like pri-
mary or secondary simple stiffness, adhesive cap-
sulitis, frozen shoulder or algodystrophy. The 
etiology is intricate and multifactorial, so that 
treatment of stiff shoulder is often empirical and 
confederated [1].

The stiff shoulder is also frequent and affects 
daily life in the middle aged population. It is an 
idiopathic problem which has a privative impact 
on the routine activities of many middle-aged 
people. The prevalence of stiff shoulder is about 
more than 5% in the general population and seen 
in females more than males [1]. The clinical 
symptoms help us to diagnose stiff shoulder; 
especially pain (night pain) and limited motion in 
all planes.

The pathology was first defined by Duplay in 
1872, and later literature; this illness was named 
as “adhesive capsulitis” by Neviaser [2]. Codman 
had used the name “frozen shoulder” in 1934. It 
is caused by inflammation of the synovial lining 
and capsule, leading to dense adhesion formation 
within the joint [2].

Stiff shoulder is subdivided into two groups as 
idiopathic (primary) frozen shoulder and acquired 
(secondary) stiff shoulder (2.4) Capsular contrac-
ture without prior trauma or surgery causes idio-
pathic (primary) frozen shoulder; if the stiffness 
occurs after trauma or surgery it will be named as 
acquired (secondary) stiff shoulder [3].

Phases of stiff shoulder can be divided into the 
freezing, frozen, and thawing phases, or stage 1, 
2, 3, and 4 [4].

In stage 1, the patients have pain and restricted 
motion that can be restored under anesthesia.

In stage 2 (freezing phase), patients have pain 
with restricted motion that can not be restored 
under anesthesia.

In stage 3 (frozen phase) patients have mild or 
minimal pain with marked loss of motion.

In stage 4 (thawing phase) patients exhibit 
advancing improvement in restricted motion.

According to the old literature; some cases 
cure itself by own resolution for the duration 
about 1–3 years. The “no touch” behavior may 
be the optimal treatment for them [5] most of 
them also treated with a supervised multimodal 
non- operative treatment schedule; but for 

A. Yildirim, M.D. (*) 
Department of Orthopaedics and Traumatology, 
Selcuk University Medical School, Konya, Turkey
e-mail: drorto@yandex.com 

M. Özer, M.D. 
Department of Orthopaedics and Traumatology, 
Necmettin Erbakan University Medical School, 
Konya, Turkey

28

The pictures were taken from the personal archive of Prof 
Dr. Ulunay Kanatlı with his permission.

mailto:drorto@yandex.com


404

selected cases surgery is the only option for the 
treatment [6]. Recent literature is pessimistic 
about the conservative treatment of stiff shoul-
der, and suggests selection of early surgery 
Identification and detailed analyze of the differ-
ent stages of development is main purpose to 
establish successful strategies for prevention and 
treatment of this condition.

Stage progression is thoroughly associated to 
anatomical impairment, and standardized conser-
vative treatment schedules are easy, cheap and 
useful alternative to surgery in most patients. As 
usual, conservative treatment of stiff shoulder is 
recommended for a minimum of 6–12 months 
before choosing surgical option.

By the way, surgical treatment would be the 
best option in patients with risk factors such as 
diabetes mellitus, or the patients who are affected 
bilaterally or have chronic symptoms [7].

Shaffer et al. declared persistence of symp-
toms and range of motion limitation especially 
in external rotation in over 50% of cases at a 
7-year follow-up [8]. Non operative treatment 
modality for stiff shoulder walks through many 
steps including medication with non-steroidal 
anti- inflammatory drugs or oral administration 
of corticosteroid, intra-articular injection of cor-
ticosteroid, and physiotherapy. [9] During these 
treatment modalities, the efficacy of intra- 
articular injection of corticosteroid for patients 
in the freezing phase and that of physiotherapy 
for patients in the frozen phase are well 
described [9]. Bulgen et al. demonstrated inef-
fectiveness of non-steroidal anti-inflammatory 
drugs for the freezing phase patients [1]. 
Approximately 90% of patients with stiff shoul-
der respond well to intra-articular injection of 
corticosteroid and physiotherapy, and accord-
ingly, surgical treatment is required in approxi-
mately 10% of patients [10, 11]. The treatment 
options as hydrodilation and suprascapular 
nerve blocks would be added nearby physiother-
apy in the latter stages and these might ensure 
varying degrees of success for frozen shoulder 
with respect to restoring range of motion [11].

If patients can’t success above-described con-
servative measures, additional invasive procedures 
might be needed. Closed manipulation under 

anaesthesia has been reported to be an easy and 
effective approach for frozen shoulder. On the 
other hand some intra-articular soft tissue lesions 
and problems of rotator cuff may occur during 
closed forceful manipulation and also quite a few 
severe catastrophic injuries as dislocations of 
shoulder, humeral fractures, brachial plexus inju-
ries and rarely glenoid fracture could make intri-
cate this technique. So closed manipulation under 
anaesthesia is contraindicated for osteoporotic 
patients [9].

Prognostic factors for the conservative treat-
ment of stiff shoulder are diabetes mellitus, 
trauma at onset, duration of symptoms before 
treatment, sex, age, and severity of restricted 
joint motion [11]. The stiff shoulder incidence 
and bilateral involvement are higher in patients 
with diabetes mellitus, and this kind is refractory 
to the conservative treatment compared to the 
type in nondiabetic patients [9]. Although corti-
costeroid injections may be beneficial, increased 
risk of bacterial infection and osteonecrosis of 
the humeral head should be considered.

Many samples in the literature have shown 
that; conservative treatment fails and patients suf-
fer from residual pain and limitation of motion 
which is called refractory shoulder stiffness [12]. 
This type of patient needs surgery.

 Surgery

 Indications/Contraindications

Primarily, patients with shoulder stiffness should 
have conservative treatment include physical 
therapy, stretching exercises, intra-articular injec-
tions, and pain medications. In each case affected 
anatomical structures must be evaluated carefully 
and treatment should be planned accordingly. In 
addition to diagnosis; patient’s age, activity level, 
co-morbidities, and complaints should be consid-
ered in the decision for surgical treatment. There 
is no consensus on duration of physical therapy 
before deciding the surgical treatment in the 
Literature. In general, if the patient has constant 
pain and stiffness after 6 months of proper con-
servative treatment, surgical management can be 
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planed [13]. Surgical management is indicated 
when the conservative treatment modalities have 
failed to restore motion and relieve pain.

Gartsman define severe stiffness as 0° of 
external rotation and less than 30° of abduction; 
moderate stiffness is defined as a degree of 30° in 
external rotation and abduction compared with 
the contralateral shoulder. Loss of internal rota-
tion is not considered as a parameter for surgical 
management except throwing athletes by 
Gartsman. Throwing athletes may have only pos-
terior contracture and decreased internal rotation. 
He reported that the degree of external rotation is 
the most important predictor for conservative 
management success [13].

In adhesive capsulitis, the capsular inflamma-
tion, hypertrophy and contracture causes restric-
tion of active and passive glenohumeral motion. 
The most common reason of acquired (second-
ary) shoulder stiffness are trauma and surgery. 
Acquired shoulder stiffness occurs because of the 
intra-articular (capsular contracture, tendon short-
ening) and/or extra-articular (subacromial or sub-
deltoid scarring, scarring of the subscapularis and 
conjoined tendon) pathologies, but primary adhe-
sive capsulitis occurs with only intra-articular 
pathologies. Acquired shoulder stiffness are fre-
quently refractory to conservative management. 
Therefore the differentiation of primary and 
acquired adhesive capsulitis is important [14].

Surgical management in the presence of degen-
erative joint disease is controversial. Capsular 
release can reduce pain in patient with moderate 
degenerative joint disease (humeral head congru-
ent to the glenoid) [15]. In patients who has rota-
tor cuff tears, there is some degree of total range 
of motion deficit (mostly less than 75°). Usually 
stiffness progressively improve after cuff repair 
with proper physical therapy. If the patient has 
more than 75° of total range of motion deficit, the 
incidence of concomitant adhesive capsulitis is 
50% [16]. In patients with rotator cuff tears and 
concomitant adhesive capsulitis, adhesive capsu-
litis treatment should be planned before the rota-
tor cuff repair.

Arthroscopic release is contraindicated in 
posttraumatic and postoperative shoulder stiffness 
due to the presence of the extra-articular patholo-

gies. The regions of extra-articular pathologies 
are subdeltoid, subacromial, rotator interval, and 
subcoracoid [17]. Proximal humerus malunions 
should be treated open surgery for good results. 
Stiffness after open instability surgery typically 
related with contracture between subscapularis 
and conjoint tendon and this area can not be visu-
alized well with arthroscopy [13]. Less soft tissue 
damage and early mobilization is important for 
reduction of the posttraumatic and postoperative 
stiffness [18, 19]. Intracapsular and slight extra-
capsular adhesions can be treated with arthroscop-
ically. Extracapsular adhesions are treated with 
limited open approach.

Surgical management is contraindicated in the 
inflammatory (acute) phase of idiopathic adhe-
sive capsulitis, because the surgery may exacer-
bate the pain level, adhesions, and motion loss 
with additional injury to the capsule [13, 19]. The 
differentiation of the phase (acute and chronic) of 
the adhesive capsulitis is important.

Arthroscopic capsular release is contraindi-
cated in the stiffness with instability [14] and 
myositis ossificans [13]. Severe degenerative 
joint disease, and cuff tear arthropathy are contra-
indications for capsular release. In this patients 
shoulder arthroplasty is a treatment option.

Detailed history and physical examination are 
very important in the selection of appropriate 
treatment. In the surgical management of stiff 
shoulder there are some modalities include closed 
manipulation under anesthesia, open surgical 
release and arthroscopic capsular release.

 Anesthesia

General anesthesia with or without interscalene 
block is our preference like in other shoulder 
procedures. Required complete muscle paraly-
sis can be provided with only general anesthesia 
for entrance to contracted joint. Intra-artricular 
catheters can be used for early pain control and 
mobilization.

After the anesthesia, firstly both shoulder are 
examined for range of motion in flexion,  abduction, 
and external rotation and internal rotation in 
adduction.
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 Manipulation

After the anesthesia, firstly the shoulder forced 
to abduction and flexion. If the shoulder manip-
ulation can be achieved to this directions, than 
external rotation and internal rotation forces 
applied. Rotation force is applied in both abduc-
tion and abduction positions. If the shoulder 
does not respond to flexion and abduction forces, 
the applying of internal and external rotational 
forces may cause fractures. After manipulation, 
if full range of motion is not obtained, remaining 
contractures must be released arthroscopically 
(Fig. 28.1).

In a study, closed manipulation under anesthe-
sia and arthroscopic capsular release are com-
pared. In patients undergoing arthroscopic capsular 
release had superior pain relief and functional res-
toration [20].

There are some complications, such as proxi-
mal humerus fracture, glenohumeral disloca-
tions, osteochondral defects, bleeding, and 
rotator cuff rupture. Therefore closed manipula-
tion under anesthesia is not performed by some 
surgeons.

 Arthroscopic Release

Arthroscopic surgery is performed in the lateral 
decubitus position and the arm of the patient in 
45° abduction and 15° flexion under 10 lbs of 
longitudinal traction on a shoulder holder 
(Fig. 28.2). Some surgeons perform this proce-
dure in the beach-chair position, but entrance of 
joint more difficult without traction. After the 
positioning of patient and before the surgery, 
shoulder is examined for passive range of 
motion to compare with last range of motion. 
After the preparation of the patient, landmarks 
are outlined (acromion, spine of scapula, clavi-
cle, and coracoid) (Fig. 28.3). Standard poste-
rior portal is used for the initial view of the 
shoulder but entry into the stiff shoulder is quite 
difficult. The contraction of glenohumeral joint 
increasing the risk of glenoid and humeral head 
cartilage injury during the trocar insertion. This 
portal is made more superiorly than usual for 

decreasing the risk of injury, where the joint 
space is wider than usual soft spot. Additional 
portals are constituted according to the planned 
intervention. In glenohumeral joint, arthroscope 
is directed to rotator interval. For the true portal 
orientation, using of a spinal needle is critical. 
The anterior working portal is used for intra-
articular releases in the rotator interval and this 
portal is made more medially than usual for bet-
ter exposure when releasing the contractures. 
Before the anterior portal placement, the direc-
tion of the cannula should be checked with a 
spinal needle under arthroscopic visualization. 
Hypertrophic synovial tissue may prevent 
arthroscopic visualization and electrocautery 
can be used to improve it (Fig. 28.4). Firstly, 
thick, contracted, and hemorrhagic capsule is 
seen and for other pathologies, the glenohu-
meral joint is evaluated arthroscopically. The 
standard lateral portal is used for subacromial 
decompression.

There are some complications, such as insta-
bility, axillary nerve injury, osteochondral 
defects, and infection.

Systematic release of the contracted tissues in 
stiff shoulder is important for success.

 Rotator Interval
We release the rotator interval as a first step in 
arthroscopy (Fig. 28.5). Posterior portal is cre-
ated, and the 30° arthroscope is introduced into 
the glenohumeral joint. We use a radiofrequency 
electrode for release, this device is inserted into 
the joint through the anterior portal. Rotator 
interval is excised from biceps to superior border 
of the subscapularis tendon. Rotator interval cap-
sule is released until the tip of the coracoid 
becomes visible. Then contractures are released 
around the coracoid and between subscapularis 
and conjoint tendon. The release of rotator inter-
val should increase external rotation because it 
releases the anterior capsule, coracohumeral liga-
ment, and superior glenohumeral ligament [21]. 
After the rotator interval has been released, 
closed manipulation can be tested and if full 
range of motion is achieved, the procedure may 
be ended. If full range of motion is not achieved, 
proceed to the next step.
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Fig. 28.1 The maneuvers of closed manipulation under 
anesthesia and torn capsule views. (a) Abduction. (b) 
Flexion. (c) Internal rotation. (d) External rotation. (e) 

Anterior capsular tear. (f) Anterior-inferior capsular tear. 
(g) Inferior capsular tear. (h) Posterior capsular tear
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 Anterior Capsule
Middle glenohumeral ligament, anterior inferior 
glenohumeral ligament, and anterior capsule are 
released with radiofrequency probe until the 
underlying subscapularis muscle tendon is exposed 

(Figs. 28.6 and 28.7) (Tables 28.1 and 28.2). The 
subscapularis muscle tendon must be protected 
against iatrogenic injury during releasing. The 
anterior capsular release is stopped at the level of 
anterior inferior border of glenoid, because of the 
risk of the iatrogenic injury of the axillary nerve.

 Posterior Capsule
Posterior capsular release is important for limita-
tion of internal rotation. The arthroscope is 
removed from posterior portal and inserted to 
anterior portal (Fig. 28.8). Posterior capsular 
release is started almost 1 cm posterior to biceps 
tendon and continues superior to inferior direc-
tion until the teres minor muscle tendon becomes 
visible. The posterior capsular release is stopped 
at the level of posterior inferior border of glenoid, 
because of the risk of the iatrogenic injury of the 
axillary nerve.

Fig. 28.2 Position of the patients

Fig. 28.3 Landmarks

Table 28.2 The complications of arthroscopic capsular 
release

Complications
Stiffness recurrence

Instability

Axillary nerve injury

Glenoid and humeral head cartilage injury

Infection

Anesthesia related

Interscalene catheter placement related

Table 28.1 The pattern of stiffness indicates where the 
capsule must be released

Stiffness pattern Pathology

Flexion Inferior capsule

Abduction Inferior capsule

External rotation in 
abduction

Anterior-inferior 
capsule

External rotation in 
adduction

Anterior-superior 
capsule

Internal rotation in 
abduction

Posterior-inferior 
capsule

Internal rotation in 
adduction

Posterior-superior 
capsule
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 Inferior Capsule
After the rotator interval, anterior, and posterior 
releases have been performed, closed manipula-
tion (inferior capsule can be torn through manip-
ulation) can be tested and if full range of motion 
is achieved, the procedure may be ended. If full 
range of motion is not achieved, the arthroscope 
is inserted posterior portal and inferior capsule is 
released adjacent to the glenoid labrum to avoid 
the iatrogenic injury of the axillary nerve 
(Fig. 28.9). Minimal abduction and external rota-
tion of the arm can also reduce the risk of iatro-

genic injury. The release of inferior capsule 
should increase forward elevation [21].

 Subacromial Space
After the intra-articular capsular release, the 
arthroscope is inserted into the subacromial 
space through the posterior subacromial portal. 
The subacromial space is evaluated for adhe-
sions and other pathologies. Bursectomy and 
subacromial debridement are performed. After 
the subacromial decompression, rotator cuff is 
evaluated. Supraspinatus and infraspinatus ten-

Fig. 28.4 Synovitis of the rotator interval

Fig. 28.5 Rotator interval release
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dons are checked with a probe. If rotator cuff 
pathology is detected, rotator cuff repair should 
not be performed in the same session. After the 
arthroscopic capsular release immediate 
stretching exercise is needed for improvement. 
But after the rotator cuff repair immobilization 
is needed and this may cause postoperative 
adhesions [22]. Because of the risk of postop-
erative adhesions, acromioplasty should not be 
performed. Some surgeons perform acromio-
plasty and repair small tears of rotator cuff in 
the same session [14]. Radiofrequency probe 
should be used for control of bleeding that 
causes adhesions.

After all procedures, last closed manipulation 
is performed and then the joint is controlled 
arthroscopically. If there is no problem, the pro-
cedure is completed.

There are four basic conditions defined by 
Gartsman that produce shoulder stiffness and 
are amenable to arthroscopic treatment: idio-
pathic adhesive capsulitis, diabetic stiff shoul-
der, and posttraumatic and postoperative 
stiffness [13].

 Idiopathic Adhesive Capsulitis

Patients with idiopathic adhesive capsulitis have 
global limitation of active and passive range of 
motion without causative etiology. In idiopathic 
adhesive capsulitis, the intra-articular volume 
decreases depending on capsular inflammation, 
thickening, and shortening (pathognomonic). 
Idiopathic adhesive capsulitis is a painful but 
self-limited condition that resolves with time 
(after 1–2 years).

 Diabetic Stiffness

Diabetic stiff shoulder causes more pain and is 
more refractory to non-operative treatment than 
idiopathic stiffness. Diabetic patients may be more 
prone to stiffness after trauma and surgery [23].

Fig. 28.7 Anterior capsular release

Fig. 28.6 Middle glenohumeral ligament on the sub-
scapularis tendon
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 Postoperative Stiffness

Postoperative stiffness can be the result of 
excessive scarring in the area of surgery. 
Limitation of active and passive range of 
motion in a single direction occurs in the post-
operative and posttraumatic stiffness unlike 
idiopathic form. Fracture malalignment, exces-
sive soft tissue injury, repaired rotator cuff, and 
instability repairs can cause postoperative 
stiffness [24].

 Posttraumatic Stiffness

Fracture, dislocation, and soft tissue trauma 
related scar tissue may cause posttraumatic stiff-
ness. The mechanism of posttraumatic stiffness is 
firstly inflammations, and then shortening and 
thickening of capsular structures. The severity of 
posttraumatic stiffness is directly related to the 
severity of the trauma. In the published literature, 
patients with proximal humerus fracture there is 
a wide correlation with posttraumatic stiffness 
[25, 26]. Older patients more prone to posttrau-
matic stiffness than younger patients.

 Degenerative Arthritis

In patients with degenerative arthritis, osteo-
phytes, synovial hypertrophy, and capsular con-
tractures may cause loss of range of motion. 
Arthroscopic capsular release and debridement 
may improve range of motion in patients with 
stiffness and degenerative arthritis [27]. Before 
the shoulder replacement surgery, patients should 
be evaluated for stiffness. Because of the most 
common cause of failure of shoulder arthroplasty 
is stiffness [28]. Patients with degenerative arthri-
tis related shoulder stiffness can be initially 
treated with physical therapy.Fig. 28.8 Posterior capsular release

Fig. 28.9 Inferior capsular release
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Most studies related with arthroscopic capsu-
lar release of stiff shoulder have found no signifi-
cant difference among idiopathic, diabetic, 
postoperative, and posttraumatic groups [29, 30]. In 
a study, the results of arthroscopic capsular release 
in patients with shoulder stiffness were reported. 
The patients were divided into three groups: idio-
pathic, postoperative, and post- traumatic. All 
patients reported an improvement of pain and range 
of motion. However, the outcome was better after 
surgery of idiopathic group compared to postopera-
tive and posttraumatic groups. Patients with post-
traumatic shoulder stiffness had lower improvement 
than the other patients [29]. In a study, the results of 
arthroscopic capsular release in patients with shoul-
der stiffness was reported. The patients were divided 
into five groups: idiopathic, postoperative, posttrau-
matic, diabetic, and subacromial impingement syn-
drome. All patients reported a considerable 
improvement of pain and shoulder function. For all 
groups of patients similar results were reported 
[30]. In another study, the results of arthroscopic 
capsular release and closed manipulation under 
general anesthesia in patients with shoulder stiff-
ness were reported. The patients were divided into 
two groups: idiopathic and posttraumatic. There 
was a significant improvement of range of motions 
and pain relief after arthroscopic shoulder capsular 
release and manipulation under anesthesia. Patients 
with posttraumatic shoulder stiffness had higher 
level of satisfaction with their shoulder function 
than the idiopathic stiff shoulder patients [12].

 Rotator Cuff Tears and Stiffness

 Shoulder Stiffness with Rotator 
Cuff Tear
The presence of trauma history, bursal pathologies, 
and systemic diseases such as diabetes and hypo-
thyroidism are significantly associated with the 
development of shoulder stiffness concomitant with 
rotator cuff tear [31]. There is no association 
between stiffness development concomitant with 
rotator cuff tear and age, gender, type and size of the 
rotator cuff tear [10, 32]. In patients who has rotator 
cuff tears, there is some degree of total range of 
motion deficit (mostly less than 75°). Usually stiff-

ness progressively improve after cuff repair with 
proper physical therapy. If the patient has more than 
75° of total range of motion deficit, the incidence of 
concomitant adhesive capsulitis is 50% [16, 31]. In 
patients with rotator cuff tears and concomitant 
shoulder stiffness. Arthroscopic capsular release 
should be planned before the rotator cuff repair. 
Rotator cuff repair should be planned as a second 
procedure after proper rehabilitation program, if 
necessary. Shoulder range of motion should be 
completely restored before rotator cuff repair.

 Shoulder Stiffness After Repair 
of Rotator Cuff Tear
Shoulder stiffness is frequent complication of 
repair of rotator cuff. Moderate stiffness may 
occurs after rotator cuff repairs and it usually 
recover with convenient physical therapies. 
Subacromial inflammation, adhesion and contrac-
ture, and muscle atrophy are possible causative 
factors for the development of shoulder stiffness 
after the surgery of rotator cuff repair. There are 
some factors associated with risk of stiffness 
development: open repair, limited preoperative 
range of motion, size and type of tear, presence of 
diabetes and hypothyroidism, subacromial and 
intra-articular other pathologies, immobilization 
time, and compliance of the patient to postopera-
tive rehabilitation program. Aggressive physical 
therapy despite pain should be avoided because it 
can cause shoulder stiffness. Pain management is 
as important as physical therapy. Surgical man-
agement is indicated when the conservative treat-
ment modalities have failed to restore motion and 
relieve pain. Extra- articular adhesions must be 
treated with a combined arthroscopic and limited 
open approach. This procedure is performed after 
closed manipulation under anesthesia and 
arthroscopic intra- articular release.

Questions
 1. A 50 year old female patient with an insidi-

ous onset of right shoulder pain admitted to 
your clinic. You examine that she has a 
restricted passive external rotation and abduc-
tion. Your pre-diagnosis is stiff shoulder sec-
ondary to adhesive capsulitis. What would be 
your first treatment option?
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 A. NSAİD
 B. NSAİD + corticosteroid injection
 C. Corticosteroid injection + physical therapy
 D. Arthroscopic capsular release + manipulation
 E. Reverse shoulder arthroplasty

C. Conservative treatment with PT and 
corticosteroid injection has a success rate 
of nearly 90%. Surgical option can be 
brought into question for other 10% after 
conservative treatment.

 2. Which of the following statements is false 
about arthroscopic surgery of frozen shoulder?
 A. Care should be taken when entering into 

joint space because of the risk for injury to 
cartilage.

 B. The anterior working portal is used for 
intra-articular releases in the rotator 
interval

 C. The anterior capsular release is stopped at 
the level of anterior inferior border of gle-
noid, because of the risk of the iatrogenic 
injury of the axillary nerve

 D. The posterior capsular release is stopped 
at the level of posterior inferior border of 
glenoid, because of the risk of the iatro-
genic injury of the suprascapular nerve

 E. Subacromial decompression should be 
performed before manipulation.

D. Axillary nerve is in danger if the 
level of posterior inferior border of gle-
noid is passed with radiofrequency

 3. Please find the true statement about stiff 
shoulder.

 A. Patients with both stiffness and glenohu-
meral arthritis should be treated first for their 
stiffness of the shoulder in order to avoid fail-
ure of shoulder replacement surgery

 B. Diabetic patients has less tendency for stiff 
shoulder after shoulder surgery

 C. In stiff shoulder patients with concomitant 
rotator cuff tear, arthroscopic capsular release 
should be planned after the rotator cuff repair

 D. Shoulder stiffness is a rare complication 
after repair of rotator cuff

A.
What is new?
A new review is released at ‘Arthroscopy’ by 

Itoi E et al. Itoi summarized new trends at stiff 

shoulder management. This review will be a 
good repetition for our readers.

Shoulder Stiffness: Current Concepts and 
Concerns. Arthroscopy 2016 July, Itoi et al.
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Surgical Management of Shoulder 
Instabilities

Sercan Akpinar and Aydin Budeyri

 Introduction

Shoulder instability may be acute or chronic, 
traumatic or habitual and can involve unidirec-
tional instability or multidirectional instability.  
A comprehensive understanding of effective 
treatment for shoulder instability stems from 
sound understanding of the mechanisms leading 
to shoulder instabilities. The mechanisms can be 
best understood by considering the pathologic 
changes to the normal shoulder joint anatomy.

In this chapter, we will discuss four patholo-
gies of shoulder instabilities including mid-range 
instability of shoulder joint, anterior, posterior 
and multi-directional shoulder stability. The mid- 
range instability is a hidden pathology that 
requires the physician to use clear criteria to 
diagnose and treat. The remaining pathologies 
are addressed in detail and across a breadth of 
topics including mechanisms, risk factors, clas-
sifications, presentation and associated injuries, 
physical examination, imaging, differential diag-

nosis, treatment options and regarding complica-
tions, when applicable.

 Epidemiology

Commonly, 95% of glenohumeral dislocations 
are reported as anterior dislocations [1]. Traumatic 
unilateral anterior dislocation accompanied by a 
Bankart lesion is a common type of shoulder 
instability usually requiring surgical intervention 
[2]. The incidence of traumatic shoulder instabil-
ity is 1.7% in the general population [3]. The most 
common complication of this pathology is the 
recurrence and persistence of instability occurring 
at early stages among the 18% of patients within 
the first year following dislocation [4].

Multidirectional shoulder instabilities (MDI) are 
rarely seen but are also a major point of concern for 
shoulder surgery specialists. It has a peak incidence 
during the 20s and 30s [5]. Multidirectional insta-
bility is commonly encountered together with 
hypermobility conditions such as Ehlers–Danlos 
syndrome, Marfan syndrome, osteogenesis imper-
fecta, and benign hypermobility syndrome [6, 7]. 
Patients with hyperlaxity have a 3.3-fold higher risk 
of recurrent instability than patients without hyper-
laxity [8]. MDI with hyperlaxity incidence among 
the failed surgical procedures, after arthroscopic or 
open repairs, usually ranges about 61–100% [9–13]. 
While MDI without hyperlaxity is a very rare and 
commonly onsets with a trauma history [14].
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 Anatomy

 Shoulder Stabilizers

Shoulder stabilizers [15, 16] include the static 
stabilizers, glenohumeral ligaments and the mus-
cular stabilizers (also referred to as dynamic sta-
bilizers). The shoulder joint is supported and 
stabilized by the following: glenohumeral capsu-
lar ligaments; functional muscle control; glenoid; 
glenoid labrum; negative intraarticular pressure; 
scapular muscles and rotator cuff; glenohumeral 
size; posteriorly angulated glenoid; and humeral 
head.

The superior glenohumeral ligament (SGHL) 
is the primary restraint to inferior and posterior 
subluxation of the humeral head when the shoul-
der is adducted or neutral [17, 18]. The middle 
glenohumeral ligament (MGHL) resists anterior 
subluxation in the mid-range of shoulder abduc-
tion [19, 20].

 Static Stabilizers
• Variable thickenings of glenohumeral liga-

ments (superior, inferior and middle [SGHL, 
IGHL and MGHL]) are the primary compo-
nents of static restraint for the glenohumeral 
joint.

• The ligaments responsible for glenohumeral 
stability include the superior glenohumeral 
ligament (SGHL), the middle glenohumeral 
ligament (MGHL) and the inferior glenohu-
meral ligament (IGHL). The most important 
of the three is the IGHL which is the primary 
restraint to anterior subluxation of the humeral 
head when the shoulder is abducted to 90° and 
externally rotated. IGHL is the primary stabi-
lizer at abduction and external rotation of 90° 
[19, 20].

• With the body upright and the arm in a 
dependent position, the coracohumeral and 
MGHL are crucial in resisting inferior trans-
lation [17, 18, 21–23].

• From the 90° of abduction and external rota-
tion, functioning of the dynamic glenohumeral 
stabilizers change according to the level of 
motion and create the essential resistance for 
stability. The following dynamic stabilizers are 

affected under these conditions: pectoral, sub-
scapularis, the biceps’ short head, coracobra-
chial and the anterior deltoid muscles.

 Dynamic Stabilizers
Variety of muscles bind and stabilize the gleno-
humeral joint dynamically. Major dynamic stabi-
lizers of the glenohumeral joint include:

The subscapularis [24–27]:

• Acts as a subordinate restraint
• Frequently attenuates shoulder dislocations

The supraspinatus, intraspinatus and teres minor 
[24–27]:

• Resist against anterior translation
• May lead to anterior dislocation by stretching
• Are partial dynamic stabilizers of the gleno-

humeral joint which include deltoid, Pectoralis 
major, biceps and triceps muscles

 Shoulder Instability Classification

Research has identified two major causes of 
shoulder instability: Structural causes orienting 
from an organic deficiency or following a trauma 
and damaging the capsulolabral functioning. 
Subsequent repetitive micro trauma may lead to 
the destabilization of the glenohumeral joint. 
Additionally, unbalanced muscle functioning 
around the shoulder can lead to the glenohumeral 
joint destabilization.

Practitioners currently use several classification 
systems. Rockwood’s system of classification is 
based on trauma presence and divides into four 
major injury groups [28]: Type 1 injuries exhibit 
traumatic subluxation history without a frank dislo-
cation history; Type 2 injuries exhibit a clear history 
of traumatic subluxation accompanied by a history 
of frank dislocation; Type 3 injuries exhibit volun-
tary subluxation without any traumatic events his-
tory; Type 4 injuries exhibit atraumatic involuntary 
subluxation. The Rockwood’s system of classifica-
tion is very effective as it places patients into clearly 
defined categories [29]. Schneeberger and Gerber’s 
 system of classification evaluates joint laxity as 
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 unidirectional or multidirectional, arisen by either a 
single significant trauma or various repeated 
 traumas [30]. Thomas and Matsen’s  classification 
system is one of the simplest and clearest [31].  
This system categorizes injuries into two major 
groups: The TUBS (Traumatic, Unidirectional, 
Bankart lesion, Surgery) and AMBRI (Atraumatic, 
Multidirectional, Bilateral, Rehabilitation, and 
Inferior capsular shifting) groups. Thomas and 
Matsen stipulates that AMBRI group subjects are 
more commonly multidirectional instabilities. 
However, they exhibited better results with physical 
therapy and rehabilitation focussing on rotatory cuff 
strengthening. AMBRI group’s patients for whom 
surgical intervention is inevitable, should undergo a 
lower capsular shift [31]. Kessel and Bayley’s clas-
sification system place patients with injuries diag-
nosed as “voluntary” and “involuntary” in the same 
group, categorizing them as having habitual insta-
bility [32]. Kessel and Bayley’s terminology pro-
vides the basis for Stanmore’s classification system 
which employs polar grouping and the understand-
ing that voluntary subluxations may become invol-
untary [32, 33].

Farrar et al. has established that repetitive 
muscular trauma, compensation or compromise 
exacerbating abnormal adaptation may advance 
to a type 3 voluntary instability or type 4 involun-
tary instability [29].

 Basic Classification

Following is a basic classification system that is 
used in diagnosing shoulder instability:

• Traumatic structural
• Acute
• Persistent
• Recurrent

• Atraumatic structural
• Recurrent

• Habitual non-structural
• Recurrent
• Persistent

An accurate diagnosis of shoulder instability 
includes a comprehensive review of patient  history, 

evaluation of the mechanisms of trauma, numbers 
and types of dislocations and previous medical 
interventions. A careful physical examination and 
arthroscopy functional electromyography is con-
sidered to reveal neurologic or muscular compro-
mise and non-structural instability as factors.

Following is a more detailed description of 
shoulder instability classifications:

• Traumatic structural instability
Patient history and physical examination usu-
ally reveal unilateral, significant trauma with 
no muscular or neurologic compromise. 
Diagnostic tests may reveal Bankart’s defect 
and labral pathology.

• Atraumatic instability
Patient history and physical examination usu-
ally reveal no bilateral history of trauma or 
muscular or neurologic compromise, how-
ever, bilateral capsular damage and structural 
joint surface pathologies are usually present.

• Habitual non-structural
Patient history and physical examination 
reveal a bilateral history of neither trauma nor 
structural joint surface pathologies, however, 
bilateral muscular or neurologic compromise 
and capsular dysfunction are usually present.

 Stanmore’s Shoulder Instability 
Classification

The shared similarities between the polar groups; 
two and three (II&III) are clear. The occurrence 
of overlapping symptoms is common. For 
instance, some polar group III patients may 
exhibit a history of injury of varying degrees of 
severity while other patients exhibit a specific 
muscle-patterning problem and articular surface 
damage at arthroscopy. Some patients may fit in 
completely within one of the three polar groups, 
while others exhibit dual pathology (Fig. 29.1).

Although three overlapping circles may serve 
as a visual representation of this relationship, 
such a model is too simple and may compound 
rather than relieve confusion. Instead, the triangle 
below offers a more accurate depiction of the 
continuum of causes that occurs among the three 
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polar groups. Thus, patients may fit neatly into 
one of the three polar groups or somewhere along 
the spectrum of intersecting lines that join them 
(Fig. 29.1) [34–41].

 Mid-range Stability of the Shoulder 
Joint

The term midrange stability is also called as gle-
nohumeral stability supplied by the glenoid con-
cavity and humeral head compression at the 
midrange glenohumeral motion. At the point, 
glenohumeral capsule and ligaments are com-
monly lax and humeral head is prone to slip out 
of the glenoid fossa [36, 37]. It functions to main-
tain the glenohumeral joint stability against the 
shear forces. It is supplied by the effectiveness on 
an appropriate depth of glenoid concavity and the 
magnitude of the humeral head compressive 
force. The concavity of glenoid articular surface 
plus the compression of enveloping shoulder 
muscles maintains the humeral head centraliza-
tion in the glenoid fossa [37, 38].

 Anterior Shoulder Instability

Commonly, 95% of glenohumeral dislocations 
are reported as anterior dislocations [37, 38]. 
Traumatic unilateral anterior shoulder disloca-
tion accompanied by a Bankart lesion is one of 
the most common types of shoulder instability 

usually requiring surgical intervention. It has a 
1.7% overall occurrence rate in the population 
annually [37]. The incidence of the anterior 
shoulder instability has been reported to be 
80–90% among the young active populations 
[37]. Additionally, the rate of recurrence is more 
collinear with the young age during the first 
shoulder dislocation [1, 2, 42, 43].

 Mechanism

Traumatic unilateral shoulder dislocation with 
Bankart lesions usually occur with the mechanisms 
of posteroanterior trauma in cases where abduction 
and external rotation are administered [1, 2, 42]. 
The mechanism of anterior dislocation includes a 
combination of arm extension, abduction and force 
application aimed posteriorly, humeral head anteri-
orly directed trauma mechanism or forced anterior 
translation [42]. This mechanism leads to the ante-
rior glenohumeral capsule tear and the anterior 
labrum detachment from the glenoid rim or some-
times also a glenoid rim fracture and humeral head 
posterior compression fracture. Arm position dur-
ing the trauma moment may lead to variations of 
anterior dislocation [42].

 Risk Factors

Risk factors include young age, participation in 
high demand contact sports activities, previous 

Polar Type I
Traumatic, structural

Polar Type II
Atraumatic, structural

Polar Type III
Muscle patterning, non-structural

Lower level of
muscle patterning

Lower level of trauma

Fig. 29.1 Stanmore 
classification (Bayley 
triangle)
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history of ipsilateral traumatic dislocation, pres-
ence of Hill–Sachs or osseous Bankart lesion, 
ipsilateral rotator cuff or deltoid muscle insuffi-
ciency, and underlying ligamentous laxity 
(Fig. 29.12) [44–52]. The greatest risk factor for 
traumatic anterior instability is prior injury 
underscoring the importance of primary preven-
tion in young athletes [53].

Non-modifiable risk factors are ligamentous 
laxity [54], anterior apprehension and relocation 
signs. Thin glenoids were at higher risk com-
pared with short and wide glenoids [55]. The risk 
of instability increased by 20% for every 1 mm 
increase in coracohumeral distance and glenoid 
height-to-width ratio [56].

Potentially modifiable risk factor is rotator 
cuff strength. However, recent work has sug-
gested that this plays no role in preventing initial 
injury [57].

 Associated Injuries

In the physical examination, the following is 
presented:

• Significant trauma history as the arm is 
abducted and externally rotated

• Pain
• Loss of function
• Sensation of instability and locking
• Inspection of asymmetricity and deformity 

between both shoulders (if dislocated)
• Apprehension history during specific activities
• History of hyperlaxity conditions

The pathoanatomy of anterior shoulder insta-
bility usually includes Bankart and Hill–Sachs 
lesions [43, 58]. Bankart lesion is the avulsion of 
the anteroinferior glenoid labrum from the gle-
noid rim by the result of a significant anteriorly 
directed trauma, and anterior humeral head trans-
lation in the glenoid fossa, while the arm is 
abducted and externally rotated. It usually occurs 
at a rate of 90% among the initial dislocations 
[59–62]. Bony Bankart lesion, a common pathol-
ogy, is the fracture of the anteroinferior glenoid 
rim by the compression of the humeral head dur-
ing anterior dislocation. Hill–Sachs lesion is the 
posterosuperior humeral head bony compression 

defect created by the impaction onto the antero-
inferior glenoid bony rim during the anteroinfe-
rior glenohumeral dislocation. It occurs almost at 
a rate of 70% among the initial dislocations [63]. 
Associated injuries include:

• Superior labral tear from anterior to posterior 
(SLAP lesion); occurring in 5–7% of first time 
dislocations

• Hill–Sachs lesion; posterior superior humeral 
head chondral impaction injury secondary to 
the impact with the glenoid rim during the 
anteroinferior dislocation

• Humeral avulsion of the glenohumeral liga-
ment (HAGL) which may be easily missed 
during evaluation and closely relate with 
higher risk of recurrence as it is a well- 
recognized cause of recurrent shoulder insta-
bility, being reported in 1–9% of patients [26, 
29, 63, 64].

• Anterior labral periosteal sleeve avulsion 
(ALPSA) that can cause torn labrum to heal 
medially along the medial glenoid neck [1]. It 
is a remaining labral fragment attached to the 
periosteum of the scapular margin in an abnor-
mal position. It is usually consequent with an 
increased likelihood of further medial dis-
placement and re-dislocation.

• Glenoid labral articular defect (GLAD) which 
is a sheared off portion of anterior and inferior 
labrum with a anteroinferior glenoid articular 
cartilage defect [65, 66].

• Perthes lesion, which describes the intact 
scapular periosteal lesion which is medially 
stripped.

• Fractures and bone defects that are either 
greater tuberosity fracture or lesser tuberosity 
fracture [1].

• Peripheral nerve injuries following anterior 
dislocation are common, with about 10% 
patients suffering injury to the axillary [67].

• Axillary artery injury in 95 cases of shoulder 
dislocation as reported by Stayner et al. [68] and 
given that the shoulder is the most commonly 
dislocated joint in the body, this represents an 
extremely infrequent complication (1–2%) [68].

• Rotator cuff tears commonly seen with an 
incidence around 65% and the risk of rotator 
cuff injury increases with age after 40 years of 
old [68].
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 Grading of Anterior Shoulder 
Dislocation

The severity of the anterior dislocations can be 
graded by Anteroposterior Translation and Sulcus 
Test Grading Schemes. The anteroposterior 
translation grading scheme classifies the severity 
of anterior dislocations as follows [69]:

• Grade 0: Normal glenohumeral anteroposte-
rior translation

• Grade 1+: Humeral head anteroposterior 
translation up to glenoid rim

• Grade 2+: Humeral head anteroposterior 
translation far beyond glenoid rim while expe-
riencing a spontaneous reduction in the 
shoulder

• Grade 3+: Humeral head anteroposterior 
translation beyond glenoid rim with no spon-
taneous shoulder reduction and locked gleno-
humeral joint.

The Sulcus Test Grading Scheme classifies the 
severity of anterior dislocations as follows [72]:

• Grade 1: Acromiohumeral interval 1 cm
• Grade 2: Acromiohumeral interval 1–2 cm
• Grade 3: Acromiohumeral interval 2 cm

 Physical Examination of Anterior 
Shoulder Instability

Physicians conducting a physical exam of 
patients suspected of having an anterior disloca-
tion should inspect the position of the injured arm 
during examination and should:

• Determine if any deformity with regards to the 
contralateral shoulder is present

• Determine if any range of motion limitations 
and loss of function are present with regards to 
the contralateral shoulder

• Document if neurovascular injury is present
• Check for any possible rotator cuff injury
• Determine the instabilities direction and 

degree

When conducting an exam for anterior insta-
bility, the following should be looked for:

• Hyper-laxity
• Instability is not in less than two planes
• Positive sulcus sign test

 Anterior Apprehension Sign Test
The anterior apprehension sign test is designed 
guarding and apprehension in positions that 
stress the arm, provocatively [70]. One variation 
of this test requires the patient to externally rotate 
an abducted shoulder while their palm is against 
the wall; the shoulder being grabbed by a physi-
cian at the joint with their left hand, using their 
right hand for an anterior drawer-test. The 
patients with an anterior shoulder instability will 
reveal an apprehension during external rotation 
of the arm leading to the limitation of the target 
external rotation level (Figs. 29.2 and 29.3).

 Load and Shift Test
In order to perform a load and shift test for evalu-
ating the measure of anterior stability of the gle-
nohumeral joint [70]:

• Have the patient at lateral decubitus while 
their injured shoulders are held up

• Stand behind the patient
• While using the chest and elbow to stabilize 

the elbow of the patient

Fig. 29.2 Apprehension test to evaluate anteroinferior 
shoulder instability
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• By hooking his/her arm around the patient’s 
elbow to achieve the above position or using 
the load application technique by grasping the 
lower arm

• Apply drawer-test (anterior/posterior) with 
the patient’s freehand (Fig. 29.4)

 Sulcus Sign Test
To perform a sulcus sign test, in order to 
detect the inferior glenohumeral instability 
[70],

• The patient’s injured arm is held straight and 
relaxed, elbow supported by the surgeon and 
inferior directed traction is applied

• Severe inferior translation and a depression 
creating a visible sulcus appearance just 

below the acromion is a positive sign 
(Fig. 29.5)

• It is also utilized to detect multidirectional 
instability

 Rotary Stress Test
To perform a rotatory stress test, to detect the 
intactness of the anterior shoulder stabilizers 
begin the test on the normal side [70] the follow-
ing is to be done:

• Translate the shoulder while using their auxil-
iary space to stabilize the motion as they use 
one hand to do this anteriorly (Anterior Shift 
Test) (Fig. 29.6)

• Externally rotate the arm after abducting it
• Translate the shoulder anteriorly

Fig. 29.3 Relocation test to evaluate anteroinferior shoulder instability

Fig. 29.4 Load and Shift test Fig. 29.5 Sulcus test
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Humeral head translation and anterior shifting 
decreases significantly when glenohumeral liga-
ment is normal and intact. Shoulder joints, some-
times, experience anterior dislocations sustaining 
subscapularis muscle injury furthering shoulder 
instability. The surgeon should promptly remem-
ber this and not overlook subscapularis muscle 
examination.

 Neurologic and Vascular Evaluations
Neurovascular tissue injuries, during the reduction 
maneuvers and tractions, may occur. Before such 
an intervention, the orthopaedic surgeon should 
evaluate the neurovascular structures initially to 
confirm that they have not been injured during the 
trauma and dislocation. This is  common among 
the elderly population. Neurovascular injury usu-
ally may occur during the prolonged, difficult or 
overpowered reduction closed attempts. The dam-
aged artery might not withstand tractional forces 
which are necessary in reducing aged dislocation. 
The most commonly affected nerve during an 
anterior dislocation is the axillary nerve and the 
most commonly affected artery is the axillary 
artery [67, 68]. Transient neuropraxias are the 
most common axillar nerve lesions with 5% 
reported rate, incidence or prevalence [68].

 Imaging

After the careful history and physical examina-
tion of the shoulder instability patients, orthopae-

dic surgeon should look for imaging data to 
confirm and prove his diagnoses. Effective diag-
nosis and treatment of shoulder injuries depends, 
in part, on effective radiography. Accurate and 
strategic planning of the imaging studies specifi-
cally for the suspected pathologies warrants a 
high incidence of accurate diagnosis and accurate 
treatment leading to satisfactory healing.

 Radiography

A thorough diagnostic workup will consider the 
following elements [71]:

• Apical oblique view
• Axillary view
• True AP (35° oblique to the body)
• Transcapular view
• Stryker notch view for detecting a Hill–Sachs 

lesion
• West Point axillary view to detect osseous 

Bankart defect on the anteroinferior glenoid 
rim

Radiographic changes on anterior shoulder 
instability correspond to Hill–Sachs lesion, hard-
ening in areas surrounding the glenoid rim, as 
well as fractures, erosions and blunting occurring 
in the anteroinferior region.

 Ultrasonography, Computerized 
Tomography and Magnetic 
Resonance Imaging

Surgeons conducting further imaging studies to 
determine the ethiology and type of shoulder 
injury may proceed with the following:

• Ultrasonography (USG) [79]; optimal for 
evaluating the practical dynamic evaluation of 
the shoulder joint and related rotatory cuff and 
capsuloligamentous structures.

• Computerized tomography (CT) [71]; opti-
mal for evaluating the quality of reduction 
and bony lesions and the affected glenoid 
 surface area (Fig. 29.7). Also involves the 

Fig. 29.6 Anterior Shift test
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optimal evaluation and quantification of the 
degree of glenoid and humeral head bony 
compromisations.

• Magnetic resonance imaging (MRI) [72]; 
optimal for evaluating muscle, labrum, and 
ligamentous tears (Figs. 29.8 and 29.9). MRI 
arthrogram has a higher rate of specificity and 
sensitivity compared to a conventional MRI 
scan [72]. Bankart, HAGL, ALPSA, GLAD, 
Hill–Sachs and Perthes lesions can be detected 
via MRI scans.

 Arthroscopic Findings
Arthroscopic findings indicating anteroinferior 
glenohumeral instability may include:

• Bankart lesion [73–78]
• Humeral avulsion of glenohumeral ligament 

lesion (HAGL lesion) [75]
• Glenoid labrum articular defect lesion (GLAD 

lesion) [75]
• Anterior labral periosteal sleeve avulsion 

lesion (ALPSA lesion) [75]
• Glenoid rim and tuberosity fractures [75]
• Glenoid fracture with Bankart [75] and Hill–

Sachs lesions [75] and rotator cuff tears [75]

According to a prospective study by 
Hintermann et al. [75], the incidences of associ-
ated arthroscopic findings were as follows:

• 87% labrum tears occurring anteroinferior
• 79% capsule insufficiencies
• Hill–Sachs lesions at 68%
• 55% glenohumeral ligament insufficiencies
• 14% complete tendon tears in rotatory cuff 

regions
• 12% labral tears in the posterior glenoid 

region
• 7% superior labrum anteroinferior lesions

Fig. 29.7 Three-dimensional CT evaluation of the gle-
noid bony defect

Fig. 29.8 Three dimensional CT scan evaluation of the 
anteroinferior glenoid rim bony defect

Fig. 29.9 Glenoid insufficiency CT scan view in an 
anteroinferior should instability patient
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Robinson et al., in a prospective case series 
study, reported the incidences of associated 
arthroscopic findings as follows [76]:

• 64% rotatory cuff tears
• 64% Bankart lesions
• 32% rotatory cuff tears with presence of 

Bankart lesions
• 11% HAGL lesions
• 7% ALPSA lesions
• 100% Hill–Sachs lesions

 Differential Diagnosis

When evaluating shoulder injuries, differential 
diagnoses should be considered. Differential diag-
nosis is the final key point for a shoulder surgeon to 
guarantee and accurate treatment modality specific 
to the patient’s clinical profile. Since possible dif-
ferential diagnoses, such as neurologic disorder has 
the potential to lead inferior outcomes, surgeon 
should keep in mind the potential differentials of 
their diagnoses.

• Plastic deformation which is located at the 
capsular joint

• Rotator interval deficiency
• Multidirectional Instability
• Neurologic disorders with muscular dysfunction

 Variations of Anterior Dislocation

The orthopaedic surgeons should be aware of the 
different types of anterior dislocations before 
attempting to treat an anterior instability diagno-
sis since these may include different underlining 
pathologies. These variations of the anterior dis-
locations of the shoulder are subcoracoid, subgle-
noid, subclavicular dislocations.

 Treatment

Treatment of anterior shoulder instability may be 
nonoperative or operative. Nonoperative treatment 

options are usually preferred for light to moderate 
cases without involvement of severe functional 
bony, ligamentous or muscular injuries, while 
operative treatments involve reconstruction and 
restoration of the functional key anatomical struc-
tures and such treatment are the Bankart, Hill–
Sachs, HAGL lesions, glenoid fractures and 
rotatory cuff ruptures. In summary, surgical treat-
ment of anterior instabilities is inclusive of joint 
capsule stretching repairs when they are loosened, 
Bankart and Hill–Sachs lesion repairs, rectifica-
tion of the glenoid bony defects by reconstructing 
all erosions which are anteroinferior and removal 
of loose bodies.

The following needs to be looked for while 
deciding the most appropriate treatment strategy

• The level and degree of the instability
• atraumatic, recurrent and traumatic instability 

due to different treatment modalities
• The presentation of different forms of anterior 

instabilities
• Presence of associated injuries prior to any 

treatment attempt

 Initial Field Treatment
An acute shoulder dislocation, either anterior or 
posterior, should be treated in accordance with 
the most common orthopaedic rules. A shoulder 
dislocation is an emergency condition that 
requires immediate reduction as soon as it has 
been diagnosed. For field treatment, consider 
intra-articular lidocaine (4 mg/kg with [<200 mg] 
or 20 cc of lidocaine [1%] [77]. This anesthesia 
has the advantage of saving time and eliminating 
the need for conscious sedation protocol.

 Non-operative Treatment
A patient history should be considered before 
surgical intervention. Non-operative treatment 
may be indicated for patients with [78, 79]:

• Multidirectional instability
• Voluntary instability
• Posterior glenohumeral instability
• Need for a supranormal joint range of 

motion
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Non-operative treatment includes immediate 
reduction, immobilization, and physical therapy 
and rehabilitation with subscapularis muscle 
strengthening exercises. This method is usually 
the treatment of choice for first-time dislocations. 
Recent studies have shown superior outcomes 
and lower recurrence rates with external rotation 
immobilization [47, 80, 81].

Chahal et al. [82], in a systematic review of 
randomized controlled trials, reported the results 
of the efficacy of repair versus arthroscopic 
lavage surgery and versus nonoperative sling 
immobilization in first-time dislocations. The 
results revealed lower recurrence rates and supe-
rior Western Ontario shoulder scores in the 
repair group versus sling and sham surgery 
groups.

 Operative Treatment
Historically, many operative procedures have 
been prescribed for treating anteroinferior shoul-
der instability, such as the Putti–Platt, Magnuson–
Stack, and Boyd–Sisk procedures. The Putti–Platt 
procedure is a combination of shoulder capsule’s 
advancement, medially and subscapularis mus-
cle’s advancement, laterally. The Magnuson–
Stack procedure is the subscapularis muscle’s 
advancement laterally to the lateral edge of the 
bicipital groove or greater tuberosity. The Boyd–
Sisk procedure is the transfer of biceps muscle 
tendon posterolateral. Comprehensive reports of 
confirmed joint stiffness, severe loss of joint 
range-of-motion and capsulorrhaphy arthropathy 
have led to the abandonment of these 
techniques.

In some cases, a reduction and conservative 
treatment may not be an effective treatment for 
anterior shoulder instability. Surgery, however 
arthroscopic or open, may be indicated when the 
following set of indications emerge:

• Soft tissue interposition
• Rotatory cuff tendon ruptures
• Biceps tendons that are trapped and joint cap-

sule preventing the reduction
• Displaced great tuberosity fracture
• Glenoid rim fractures [83]

 Immediate Arthroscopic Bankart 
Repair With or Without Capsular Shift 
Procedure
Arthroscopic Bankart repair with or without cap-
sular shift procedure is the optimal treatment of 
choice for first-time anterior shoulder disloca-
tions in athletes younger than 25 years. Patients 
with a history of high demand activity, positive 
physical examination findings and whose MRIs’ 
confirm the presence of a Bankart lesion are opti-
mal candidates for this procedure. Based on the 
intraoperative injury evaluation and the state of 
Bankart repairs, inferior capsular shift also may 
be performed via an arthroscopic approach by 
utilizing the anterior and anteroinferior portals.  
A diagnostic exam to confirm the presence of a 
drive-through sign is required when performing 
the Bankart repair and capsular shift procedures. 
When performing the inferior capsular shift tech-
nique, the inferior portion of the joint capsule is 
shifted and stabilized superiorly, thus decreasing 
the amount of the anterior capsular and shoulder 
joint volume (Fig. 29.10). This technique may 
lead to iatrogenic subscapularis tendon injury, 
joint stiffness by the overtightened capsule, 
arthritis by chondral injury and axillary nerve 
injury [84].

 Open/Arthroscopic Repair for Capsular 
Shift and Bankart’s Lesion
Open/arthroscopic procedure for Bankart can be 
performed in combination or otherwise without 
the capsular shift procedure. The optimal treat-
ment when there is a confirmed loss in glenoid 
bony beyond 25%, Hill–Sachs lesion (locking 
and engaging), and HAGL lesion’s, usually 
includes the repair of the Bankart lesion together 
with the capsular shifting procedure. This is the 
technique typically performed via utilizing a del-
topectoral approach, subscapularis split or tenot-
omy exposure, Bankart lesion repair with suture 
anchors, and the capsulorraphy with inferior cap-
sular shifting procedure (Fig. 29.11) [84–87].

 Selective Capsular Shift
The selective capsular shift is the optimal modifi-
cation of the inferior capsular shifting procedure 
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described by Neer et al. [85] and Bigliani et al. 
[86], which offers a potential advantage of con-
trolling the amount of capsule involved in the 
shift, thus the surgeon can prevent the overtight-
ening of the joint capsule, on the other hand hav-
ing been preserving the normal shoulder joint 

capsular anatomy, range of motion and function-
ing [84–86].

 Bristow and Latarjet Procedure
The Bristow and Latarjet procedure is the  optimal 
treatment of choice when the anterior dislocation 

Fig. 29.10 Capsular Shift with grafting for Hill–Sachs lesions

Fig. 29.11 Rotator interval defect leading to anterior instability and rotator interval closure
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exhibits chronic, habitual, and bony deficiency of 
the glenoid greater than 20%. This procedure 
includes the transfer of coracoid bone with the 
conjoint tendon, thus creating an anterior sling 
effect during abduction and external rotation 
(Figs. 29.13, 29.14, and 29.15). It is performed 
using a deltopectoral approach which includes 
split or tenotomized exposure of the subscapu-
laris muscle. The Bristow and the modified 
Bristow procedures include the transfer of the 
coracoid’s tip alongside any conjoint tendon 
beneath the subscapularis muscle creating an 
anterior stabilizing effect [88]. The Latarjet pro-
cedure has a “triple effect,” known as superiority 
has been described by Patte [89]. This procedure 
increases the glenoid contact surface area, the 
conjoint tendon anterior stabilization sling effect 
during arm abduction and external rotation [90, 
91]. It supports the inferior subscapularis. antero-
inferior capsular functioning and enabling the 
accurate darning of the compromised joint cap-
sule (Figs. 29.12, 29.13, and 29.14). Common 
complications of this procedure include no union, 
hardware failures, and  musculocutaneous nerve 
injury [92].

Arthroscopic Latarjet procedure is another 
recent innovation to treat this condition as 
described by Lafosse et al. [93] in 2007. This 

technique demands advanced arthroscopic 
skills and experience to work on within the 
proximity of the main neurovascular tissues 
such as the brachial plexus and the axillary 
artery [92].

Fig. 29.13 Revision Bristow Latarjet surgery

Fig. 29.14 Outcomes following a revision Bristow 
Latarjet surgery

Fig. 29.12 Glenoid deficiency reconstruction: Bristow 
Latarjet procedure

29 Surgical Management of Shoulder Instabilities



428

 Remplissage Technique
The Remplissage technique is the optimal treat-
ment of choice for decreasing the rate of recur-
rence when combined with the arthroscopic 
anterior Bankart repair procedures. In French, 
“remplissage” means “filling in.” This proce-
dure was initially described by Wolf et al. in 
2007 [94]. It addresses a large, engaging Hill–
Sachs bony defect at the posterosuperior 
humeral head region including the filling of the 
defect by the suture anchor knots tied over the 
infraspinatus tendon and posterior joint capsule 
to decrease the shoulder joint/humeral head vol-
ume ratio. Thus, the accurate stabilization of the 
shoulder anteroinferior instability would have 
been guaranteed. Traumatic anterior instability 
patients treated with the Remplissage procedure 
reveal  significantly outstanding recurrence rates 
around 10% when compared to an arthroscopic 
Bankart repair alone with a recurrence rate of 
67% [94, 95].

 Bony Reconstruction of the Hill–Sachs 
Lesion
Bony reconstruction is the optimal treatment of 
choice for large engaging Hill–Sachs lesions, 
failed Remplissage procedures and unsatisfac-
tory stability post Remplissage technique. Other 
possible treatment options for large bony defects 
include allograft reconstructions, arthroplasty 
and rotational osteotomies. If a Hill–Sachs lesion 
is present in isolation with no bony defects, a 
humeral defect can be augmented either with 
bone plugs (autograft, allograft) or synthetic aug-
mentation (metal, plastic plugs). The disimpac-
tion of the lesion through a cortical window and 
osteochondral bone grafting may also be per-
formed [96].

 Shoulder Arthroplasty
When there are large Hill–Sachs bony lesions 
that are hard to be managed by the aforemen-
tioned techniques, humeral head resurfacing or 
replacement is considered to stabilize a recurrent 
instability [97]. However, definitive indications 
for this procedure have not been defined. 
Currently, these options are reserved as salvage 

procedures for advanced habitual dislocation and 
severe bony compromisation cases [98–100].

 Posterior Shoulder Instability

Posterior shoulder dislocations leading to poste-
rior shoulder instabilities are rarely seen but usu-
ally commonly missed under emergency care 
conditions. On the other hand, they are also a 
major concern for seizures, electric shocks, or 
ECT without muscle relaxants. Posterior shoul-
der instability accounts for 2–5% of unstable 
shoulders joints presented [101–103].

 Mechanism

The most common mechanism that leads to pos-
terior shoulder disability is anteroposterior 
directed force when the arm is flexed, adducted, 
and internally rotated. Common etiology is 
trauma, fall from heights, motor vehicle acci-
dents, seizure, and electric shocks. Posterior ana-
tomical structures of the glenohumeral joint 
enabling the posterior shoulder stability are gle-
noid, labral tissue, posterior joint capsule, infe-
rior glenohumeral ligament (especially posterior 
band of the IGHL), coracohumeral ligament, 
rotatory interval subscapular, rotatory cuff and 
biceps muscles [104]. Also, anterior capsular 
tightness and the contracture of the anterior tis-
sues may contribute to posterior instability [104].

 Risk Factors

The following conditions contributes this type of 
instability [104]:

• Fully abducted and rotated arm when loaded 
axially

• Recurrent glenohumeral subluxation posteri-
orly which is involuntary, possibly associated 
with forces resulting from sports activities 
such as weightlifting, Calisthenics and 
push-ups
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• Development of injury in flexion, internal 
rotation and abduction

• Anterior deltoid, or subscapularis deficiency 
and contractures

• Voluntary dislocations

 Associated Injuries

In the physical examination, inspection reveals a 
prominent shoulder from the posterior view and a 
prominent coracoid process from the anterior 
view. Patients usually have painful and limited 
external rotation with their shoulder locked in an 
abducted, internally rotated position. Posterior 
dislocation is different than the recurrent poste-
rior instability. Posterior instability usually 
accompanies laxity and only occurs in 23% of 
documented posterior dislocation cases [104]. 
Associated conditions may include, humeral 
head’s anterior portion defect (reverse Hill–Sachs 
lesion), the glenoid humeral head increased retro-
version, posterior glenoid deficiency, posterior 
labral tears and multidirectional instability.

 Classification and Grading 
of Posterior Shoulder Instability

Types of posterior shoulder dislocation and insta-
bility can be also summarized as acute and 
chronic, voluntarily and involuntarily, uni or bidi-
rectional in the inferior and posterior directions 
and multidirectional (inferiorly, anteriorly or 
posteriorly) at the time of the physical examina-
tion [104]. Various classification and grading 
attempts in the current literature have been 
focussed on the posterior humeral head transla-
tion classification and grading. Historic focus has 
been on the posterior instability evaluation of the 
shoulder joint [69, 105–108].

Currently, the posterior drawer test grading 
system for posterior instability of the glenohu-
meral joint is quantified in percentages and been 
represented by four grades [108]. The percentage 
amount of posterior translation of humeral head 
on the glenoid by the posterior drawer test is 

 considered to reveal a deficient rotatory interval 
capsular tissue, severe muscular patterning, or a 
severe glenoid retroversion as the percentage of 
posterior translation increases.

Posterior drawer test grading system [108]:

• 1+: apparent translation but not to rim
• 2+: translation to glenolabral rim
• 3+: translation over glenolabral rim
• 4+: translation with complete dislocation

 Physical Examination of Posterior 
Shoulder Instability

 Posterior Apprehension Sign Test
The posterior apprehension test is considered 
positive when posterior dislocation or apprehen-
sion occurs during patient endeavors to touch the 
lower region of his/her thoracic spine. The sur-
geon abducts and places the arm in internal rota-
tion and applies the posterior drawer test on the 
shoulder joint. Another similar test is performed 
while the shoulder maintains an internal rotation 
in flexion and adduction. To apply the stress pos-
teriorly on the translation of a shoulder, the arm 
is positioned into internal rotation, flexion, and 
adduction (Fig. 29.15). The test is recommended 
when findings include shoulder pain with promi-
nent coracoid process in addition to patient’s 
inability to perform arm supination [107].

Fig. 29.15 Posterior dislocation
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 Posterior Load-Shift Test
In order to conduct a posterior load and shift test, 
the humeral head is forced anteroposteriorly 
while the patient is supine and the arm is abducted 
at 40–60° of rotation and forward flexion.

 Jerk Test
For the Jerk test, a “clunk” feeling should be 
looked for when:

• The arm is at 90° abduction and the elbow is at 
flexion and internal rotation

• A force is applied parallel to the humerus in a 
state of abduction and in a position of 
forward-flexion

• A ‘clunk’ feeling is positive for posterior 
subluxation

• Along with Kim test 97% sensitivity is presented 
for labral tears occurring posteriorly [123]

 Kim Test
The Kim test is performed and considered posi-
tive when:

• In a seated posture, an abduction of 90% is 
performed

• At a forward shoulder flexion of 45°
• Applying an axial load to the elbow and 

humeral head posteroinferior, the feeling of 
pain is reported by the patient.

 Posterior Stress Test
The posterior stress test is performed by stabiliz-
ing the scapula as looking for posterior transla-
tion with applying a posteriorly directed force 
and when pain is usually triggered and in the 
absence of a root cause (Fig. 29.16).

 Imaging

 Radiography
Radiography is the first step on the road to diag-
nosing a posterior shoulder dislocation. According 
to the physicians’ suspicion and experience, the 
following views may be taken [104]:

• Apical oblique view
• Axillary view–this view is the most diagnostic 

view for posterior shoulder instability (Fig. 29.18)

• True AP (35° oblique to the body)
• Transcapular view
• West Point axillary view to detect any reverse 

osseous Bankart defects on the posteroinferior 
glenoid rim

 Computerized Tomography 
and Magnetic Resonance Imaging
Surgeons should also look for reverse Hill–Sachs 
lesion and compression fracture at the humeral 
head's anteromedial aspect [71]. Additional 
imaging includes ultrasonography, CT, MRI, 
arthrograms and diagnostic arthroscopy 
(Figs. 29.17, 29.18, and 29.19). CT scans are use-
ful for evaluating the retroversion and bony struc-
ture of the glenoid and humeral head while MRI 
is a reliable tool to evaluate the patulous capsule, 
labral integrity, posterior glenoid chondral inju-
ries and Kim lesion [71].

 Arthroscopic Findings
In cases of posterior shoulder instability, 
arthroscopically, a Kim lesion at the posteroinfe-
rior region of the glenohumeral joint, including a 
marginal bony lesion with the degeneration of 
chondrolabral tissues may be detected [104, 108].

 Differential Diagnosis
The following conditions which may lead to poste-
rior shoulder instability are congenital anatomical 
glenoid abnormalities, glenoid retroversion defor-
mities or hypoplasia, hypermobility syndromes 
leading to ligamentous laxities, and neurologic dis-
orders leading to imbalanced muscle functioning 
and contractions triggered by seizures.

Fig. 29.16 Posterior stress test
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 Treatment

 Non-operative Treatment
There are various treatment options that have 
been proposed for the posterior shoulder insta-
bility. Following the closed reduction of the 
first time posterior shoulder dislocation, the 
primary nonoperative treatment to prevent a 
posterior instability involves the strengthening 
of the external rotatory infraspinatus muscle. 
This technique is indicated for first time dislo-
cations or recurrent dislocations with defects 
resulting in less than 20% loss of stability 
[109]. Following, rotator cuff and parascapular 
muscle strengthening programs to compensate 
the compromised static structures, external 
rotation exercises to strengthen these structures 
collaborated with an effective scapulohumero-
thoracic synchronisation rehabilitation is essen-
tial for a successful nonoperative treatment 
[110–112].

 Operative Treatment
Patients with recurrent posterior instabilities, 
failed nonoperative treatments, grade +II and 
more, professional athletes with severe posterior 
glenohumeral instability lesions such as glenoid 
erosion, labral rupture, reverse Hill–Sachs lesion 
and multiple dislocation histories may require 
operative treatment. The patient’s neurological 
and psychological condition is also a significant 
concern when choosing the most appropriate 
treatment for the posterior shoulder instability. 
Operative procedures for the posterior shoulder 
instability can be summarized under bony or soft- 
tissue deformities, open or arthroscopical proce-
dures [103, 104, 113–115].

Bone block procedures, glenoid/humerus or 
versional/rotational correction procedures may 
require open approaches. Commonly, operative 
procedures for the instabilities purely arisen by 
soft tissue abnormalities may be summarized 
under posterior capsular shift/thermal shrinkage, 

Fig. 29.17 Posterior shoulder dislocation as seen on X-ray, CT and MRI scans
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subscapularis tendon transfers, posterior capsular 
plication, infraspinatus advancement reverse 
Putti–Platt plication, reverse Bankart repair, 

Boyd–Sisk procedure and biceps tendon transpo-
sition, rotatory interval closure [103, 104, 
113–115].

 Posteroinferior Capsular Shift 
Procedure
The posteroinferior capsular shift procedure is 
the most commonly utilized treatment modality 
regarding to the posterior shoulder instability 
[104, 117]. It can be performed both open and 
arthroscopically. A multi centric study by 
Bottoni et al. compared the outcomes of open 
versus arthroscopic posterior shoulder instability 
treatments and reported superior outcomes with 
the arthroscopic treatment over open treatment 
[104, 116].

Open procedure is performed via an oblique, 
posterior, infraspinatus split approach of choice. 
Incision usually begins over the scapular spine at 
the acromion’s posterolateral aspect. Deltoid mus-
cle is split not more than 5 cm below the acromion. 

Fig. 29.19 Posterior capsulolabral lesion following pos-
terior shoulder dislocation

Fig. 29.18 Posterior shoulder fracture-dislocation
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This approach utilizes the intermission existing 
between teres minor and infraspinatus muscles. In 
this approach, the infraspinatus  muscle is tran-
sected and tagged for utilization during the final 
closure session of the surgery [104, 116].

Also, the deltoid muscle may be split off the 
scapular spinous process to improve the surgical 
exposure. Regardless of the method, especially 
when an open surgical intervention is being per-
formed, surgeons must be careful when approach-
ing within the proximity of the axillary nerve 
trajectory.

Arthroscopic posteroinferior capsular shift 
procedure is the most common posterior instabil-
ity treatment procedure. It involves the shifting of 
the posteroinferior joint capsule superiorly in 
order to reduce the posterior capsule and the gle-
nohumeral joint volume. Performed with a lateral 
decubitus position usually via high lateral por-
tals. The failure rate is reported around 50% in 
the current literature [104]. When the posterior 
labral tissue is significantly compromised, it can 
be performed together with the posterior labral 
repair. Rotatory interval closure procedure per-
formed together with a capsular shift or thermal 
shrinkage can be another reliable treatment 
option instead of a posteroinferior capsular shift 
procedure only. In patients with a persistent 
Sulcus test at 45° of external rotation, rotatory 
interval closure may be indicated [104].

Post operative care involves the following:

• 30° arm sling immobilizer with the arm neu-
tral internal rotation

• Early passive range-of-motion followed by an 
initiation for strengthening based on patient’s 
compliance for the initiation

• Unrestricted return to normal activities with 
the full heavy labor after 4 weeks and contact 
sports after 6 weeks [104, 117]

 McLaughlin Procedure
This procedure is composed of the humeral 
head’s open reduction with the transfer of lesser 
tuberosity and subscapularis [116]. Modified 
McLauglin procedure is the most commonly uti-
lized open operative technique for posterior 
should instability. It’s performed via a deltopec-
toral approach. Technically the aim is to repair 
the defect. Subscapularis tendon and lesser tuber-
osity is transferred (Fig. 29.19). Iliac crest bone 
grafting may be utilized to compensate the gle-
noid bony loss. When the injury is three weeks or 
earlier preoperatively, disaimpaction and bone 
grafting of the defect may be performed. Opening 
wedge glenoplasty may be preferred for glenoid 
hypoplasia (Fig. 29.20).

Post operative care involves the following [117]:

• Arm sling immobilization with external rota-
tion brace for 6 weeks

• Internal rotation of the arm should be strictly 
avoided

• Functional hand, wrist exercises, passive, active-
assisted and progressively active and rotatory 
cuff strengthening may be initiated respectively

• Unrestricted return to sports and full heavy 
labor can be initiated after 12 weeks

Fig. 29.20 Modified McLaughlin procedure for posterior shoulder instability treatment
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 Allograft Reconstruction for Posterior 
Shoulder İnstability
Posterior shoulder joint allograft reconstruction by 
utilizing bone allograft which is uniquely shaped 
to fill the bony defect higher than a 40% in the 
humeral head is indicated when there is a recurrent 
glenohumeral instability [118]. Reconstruction 
has the advantage of preventing posterior disloca-
tion without limiting internal rotation. It utilizes an 
anterior approach to the shoulder. Specially shaped 
bone allograft is fitted into the humeral head defect 
and the spherical outer surface should be congru-
ent with the joint surface.

 Complications
Posterior shoulder instability surgery have been 
reported to reveal failure rates about 30–40% 
[116]. The most common complication following 
posterior shoulder instability surgeries is the 
recurrence. Capsular necrosis, axillary and supra-
scapular nerve injuries have been reported [104].

Surgeons should be also aware of the follow-
ing potential complications [116, 117]:

• Stiffness
• Avascular necrosis
• Osteoarthritis
• Adhesive capsulitis
• Overtightening of posterior capsule

 Multidirectional Shoulder 
Instability

Multidirectional shoulder instabilities (MDI) are 
rarely seen but are still a major point of concern 
for the shoulder surgery and sports medicine 
practice. Commonly defined as an atraumatic, 
multidirectional or bilateral condition, it often 
exhibits superior outcomes with physical therapy 
and rehabilitation. Multidirectional instability 
refers to a subluxation or dislocations which 
occur posteriorly, anteriorly or inferiorly. Patients 
who are experiencing multidirectional instability 
usually do not have Bankart lesions, but may 
have capacious axillary pouches. This injury usu-
ally affects overhead throwing athletes, gymnasts 
and swimmers.

 Mechanism

This instability is generally presented as a bilateral 
and atraumatic condition affecting shoulder func-
tion [107]. It is caused by insufficiency of the static 
ligament constraints of the glenohumeral joint 
(GHJ) also known as capsular laxity. Also a degen-
erative condition leading to acquired ligamentous 
laxity or congenital ligamentous laxity syndromes 
such as Marfan’s and Ehler’s Danlos syndromes, 
scurvy, and Lathyrism may be underlying. 
Associated conditions may include inferior capsule 
laxity, rotator interval deficiency, Bankart (antero-
inferior), and Kim’s (posteroinferior) lesions [107].

 Risk Factors

The most common risk factors for multidirec-
tional shoulder instability are the presence of 
the congenital or acquired conditions; Marfan‘s 
and Ehlers–Danlos syndrome, Osteogenesis Imper-
fecta, Lathyrism, Scurvy and similar associated 
conditions [107]. The prevalence of generalized 
joint laxity in patients with MDI ranges between 40 
and 70% [119–122].

 Classification and Grading 
of Multidirectional Shoulder 
Dislocation

Multidirectional shoulder instability may also be 
referred as belonging to the AMBRI (atraumatic- 
multidirectional- bilateral-rehabilitation-inferior 
capsular shift) classification group. Key to classi-
fying the MDI is to define the etiology (traumatic, 
atraumatic, microtraumatic), the degree of symp-
tomatic translation and the presence volitional 
control (voluntary and involuntary). We do also 
advise to perform a Beighton hyperlaxity grading 
to evaluate the presence of an underlying hyper-
laxity condition. MDI can be classified as [14]:

• Multidirectional Instability without hyperlaxity
• Multidirectional Instability with hyperlaxity
• Voluntary Multidirectional Instability with 

hyperlaxity
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 Physical Examination 
of Multidirectional Shoulder 
instability

Physical examination may reveal bilateral, atrau-
matic compromise mainly on the soft tissue and 
secondarily, on the bony tissues of the glenohu-
meral joint. Mainly, the presence of the general-
ized capsular laxity leads to the multidirectional 
pattern of the condition.

Symptoms may include:

• Pain
• Instability
• Weakness
• Paresthesias
• Crepitus and shoulder instability during sleep
• Hyperlaxity

The physical exam can be summarized as the 
following:

• Sulcus sign test; for rotator interval pathologies
• Apprehension/relocation test
• Load and shift test
• Neer and Hawkins test
• Beighton hyperlaxity grading

Other signs to look for include generalized 
hyperlaxity such as genu recurvatum, elbow 
hyperextension, metacarpophalangeal backwards 
hyperextension, hyperabduction of the thumb 
about the distal radius [14].

 Imaging

Radiography
• AP-External rotation
• Axillary
• AP-True
• AP-Internal rotation
• Scapular notch views may be obtained

Computerized Tomography and Magnetic 
Resonance Imaging

• Possible glenoid dysplasia conditions should 
be eliminated on CT scans.

• Inferior joint capsule is seen slacked between 
the bands of IGHL on MRI

• Also Kim’s lesion, Bankart lesion, Glenoid 
cartilage erosions may be evaluated on MRI 
scans.

Arthroscopic Findings
• Drive-through sign

 Treatment

 Non-operative
Multidirectional instability is not well-suited for 
operative treatment. Thus, physicians should 
consider options in consultation with the patient 
[108]. Based on the surgeon’s physical exami-
nation of the severity of the multidirectional 
instability, the treatment should consist of rota-
tor cuff strengthening and intensive rehabilita-
tion for at least one year. Dynamic stabilization 
together with physical therapy is the trivial first 
step that applies to majority of multidirectional 
instabilities of the shoulder. The technique 
involves a 3–6 month strengthening of dynamic 
stabilizers and closed kinetic chain exercises. 
Success rates with the nonoperative treatment 
modalities between 30 and 80% have been 
reported [16, 123, 124]. Unresponsive cases 
may be treated with arthroscopic inferior capsu-
lar shift procedures.

 Operative
Open or arthroscopic capsular procedures 
focused to produce a shifting and stabilizing 
effect. Indications of operative treatment in mul-
tidirectional shoulder instability are:

• Failure to respond treatment
• Severe pain
• Evident disabling instability [107].

Contraindications of operative treatment in 
multidirectional shoulder instability are specifi-
cally for voluntary dislocations [107].

In selected cases, such as refractory and col-
lagen disorders, capsular reconstruction via 
allografts may be performed.
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Subsequent operative treatment options 
include: Open or Arthroscopic techniques with 
inferior capsule posteroanterior plications, rota-
tor interval plication, thermal capsulorrhaphy 
joint capsule imbrication (Fig. 29.21), anterior 
reconstruction plus inferior capsule vertical 
shifting.

 Inferior Capsular Shift Procedure
Approach may be performed via either open or 
arthroscopic. Usually arthroscopic approach is 
preferred (Fig. 29.21). Surgeons should note that 
sometimes the humeral head posterior sublux-
ation sometimes may occur according to the 
overtightened anterior joint capsule with 
arthroscopic inferior capsular shifting. This tech-
nique includes carefully and adequately shifting 
of the capsule with plication suturation while 
reducing the joint volume (Fig. 29.21).

Several studies have reported successful 
results with both open and arthroscopic tech-
niques, specially for the open T-plasty modifica-
tion of the Bankart procedure for multidirectional 
instability of the anterior and inferior types [120, 
121, 125–127].

Choi et al. reported promising outcomes 
among 92% of their open anterior surgical repairs 
and in 81% of their posterior ones [128]. Also, 
they reported outstanding return to contact sports 
among 82% of their anterior repairs, among 75% 

of their posterior repairs, and among 17% of their 
bilateral repairs. Throughout their follow-up, 
96% of their repairs remained stable [128]. On 
the other hand, Hamada et al. reported recurring 
anteroinferior joint subluxations according to the 
later onset of posterolateral humeral bony defects 
among the posteriorly approached patients [125]. 
On the other hand, Baker et al., in 2009 have 
reported a rate 91% full range of motion and sat-
isfaction following arthroscopic repair outcomes 
among athletes, together with a rate of 98% slight 
decrease in strength, and with a 86% rate of 
return to sports with no limitations [129].

Complications
• Recurrence
• Subscapularis deficiency
• Loss of motion
• Axillary nerve injury
• Capsular thinning/insufficiency and 

chondrolysis
• Late arthritis [128]
• Post-operative rehabilitation includes:
• Initial 4–6 weeks, the shoulder is immobilized 

by sling or immobilizer
• 6–10 weeks, according to the stiffness status 

of the shoulder abduction brace with limit of 
45° on abduction as well as external rotation

• 6–14 weeks, progressive range of motion and 
isometric exercises

Fig. 29.21 Arthroscopic capsular plication for multidirectional instability treatment
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• By 10th week, as soon as the full range of 
motion has been established, progressive iso-
tonic exercises

• After 16 weeks, strengthening
• After 10 months, full return to activities and 

contact sports [128]
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A
Abduction-external rotation (A-ER) braces, 209
AC joint. See Acromioclavicular (AC) joint
Acromioclavicular (AC) joint, 6, 259–260

abnormalities, 56–57
injuries

ACJ dislocation, 135
anatomy, 134–135
classification, 135
management, 135–136

resection arthroplasty, 354
literature on, 356
postoperative rehabilitation, 356
surgical technique, 355–356

Acromioclavicular septic arthritis, 165
Acromionclavicular system (ACS), 30
Activities of daily living (ADLs), 216, 222–225
Adhesion cohesion mechanism, 29
Adhesive capsulitis, 194

classification, 196
clinical evaluation, 196
comparative studies, 197
etiology, 195
history, 195
imaging, 196–197
natural history, 196
pathogenesis, 195
treatment, 197

ADLs. See  Activities of daily living (ADLs)
Adson test, TOS, 61–62
ALPSA lesion, 28
American Shoulder and Elbow Surgeons (ASES) score, 70
Anatomic shoulder arthroplasty

contraindications, 277–278
diagnostic tests, 278–279
etiology, 275

avascular necrosis, 276–277
infection arthropathy, 277
inflammatory arthritis, 276
neuropathic arthropathy, 277
osteoarthritis, primary, 276
rotator cuff arthropathy, 276
trauma associated arthritis, 277

evaluation, 285–286
follow up, 285–286
imaging, 278–279
implant choice, 279–282
indications, 277–278
patient history, 278
patient positioning, 283–284
physical examination, 278
planning, 282–283
post-operative care, 285
procedure and trends of evolution, 273–275
radiographic evaluation, 286
rehabilitation, 285
surgical approaches

anterosuperior approach, 284–285
deltopectoral approach, 284

templating, 282–283
Anterior apprehension sign test, 57, 420
Anterior labral periosteal sleeve avulsion (ALPSA) 

lesion, 419
Anterior shift test, 421, 422
Anterolateral/lateral transdeltoid approach, 105
Anterolateral pain syndrome, 39
Anteroposterior Translation and Sulcus Test Grading 

Schemes, 420
Anterosuperior approach, 284–285
AO/OTA classification, 103, 142–143
Arthritis

ACJ, 260
degenerative, 411, 412
glenohumeral septic, 164
immunological, 316
inflammatory, 276
post-arthroscopy septic, 164–165
pseudoparalysis without, 316
sternoclavicular septic, 165–166
trauma associated, 277

Arthroscopy
adhesive capsulitis, 197
calcific tendinosis, 194
LHBT, 189

Articular geometry, glenohumeral joint, 301–302
Aseptic baseplate loosening, 336
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Avascular necrosis, 276–277
classification, 179–181
clinical evaluation and diagnosis, 177–179
epidemiology, 175–176
etiology, 176
pathophysiology, 176–177
treatment

conservative, 181
surgical, 181–182

B
Bankart lesion, 131, 210, 425
Beach chair position

complications, 268–271
vs. lateral position, 265–266

set-up, 267–268
portal placement, 268
set-up, 266–267

Belly press test, 53, 386
Biceps Brachi eccentric training, 224, 226
Biceps instability test, 188
Biceps load test, 386
Biceps pulley, 186, 187, 190
Biceps tendinitis, 186, 189
Biceps tendon, 187–189. See also Long head of  

biceps (LHB)
Biceps tendonitis, 383
Biceps tendon pain, 59–60
Bicipital groove, 186, 187, 189
Bone tumors, 323
Bony Bankart lesion, 27
Bony static stabilizers, 26–28
Boyd-Sisk procedure, 425
Bristow and Latarjet procedure, 426–427

C
Calcific tendinitis, 384

calcification, 191
characterization, 191
classification, 192
diagnosis, 192–193
history, 191
pathogenesis, 191–192
treatment, 193–194

Capsular stretching exercises, 227
Capsulolabral repair

anterior, 244–245
posterior, 245–246

Ceiling effect, 69
Cervical spine conditions, 38
Chronic fixed dislocations, 318–319
Clavicle, 3–5
Clavicle fractures

anatomy, 91–92
clinical and radiographic assessment, 94–95
complications

acromioclavicular joint, osteoarthritis of, 97–98
malunion, 97

neurological complications, 97
nonunion, 96–97
refracture, 97

Edinburgh classification, 93
epidemiology, 92
shoulder braces, 206–207
treatment

lateral third fractures, 95–96
medial third fractures, 96
mid-shaft fractures, 95

Clavipectoral fascia, 18
Closed kinetic chain exercises, 223, 234, 244
Codman’s classification, 102
Codman’s exercises, 243
Component disassociation, 342–343
Computer-aided design (CAD)-based modelling, 77
Computer numerical control (CNC), 86
Constant-Murley score, 70, 119, 121, 123, 216
Coracoid impingement, 54
Corticosteroid injections

ACJ arthritis, 260
adhesive capsulitis, 197
GH joint, 258
LHBT, 189–190, 261
SA space, 259
snapping scapula syndrome, 186

Cross body stretch, 220, 227, 233
Cuff tear arthropathy

reverse shoulder arthroplasty, 293–296
RTSA, 309–311

Cyriax mobilization techniques, 232
Cytokines, adhesive capsulitis, 195

D
DASH-T, 216
Deltoid muscle, 50
Deltoid split approaches, 21
Deltopectoral approach, 107

anatomic shoulder arthroplasty, 284
operating room setup, 15–16
surgical incision and dissection, 16–21

Diabetic stiffness, 410
Disabilities of the arm, shoulder, and hand (DASH) 

score, 70
Dislocation arthropathy, 316–318
Distal clavicle resection. See  Acromioclavicular (AC) 

joint, resection arthroplasty
Drawer test, 134
Drop-arm sign, 50
Dupuytren disease, 195
Dynamic stabilizers, 30–31

E
Edinburgh classification, 93
End range mobilization technique, 231, 232
Entrapment, biceps, 383
EQ-5D, 70
External rotation lag sign, 52
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Extra-articular technique, 376
Extracorporeal shock wave therapy (ESWL), 194

F
Figure-of-eight brace, 206
Fisk method, 189
Floor effect, 69
Fluoroscopy, injections, 257
Frozen shoulder, 195, 216

abduction stretching, 233, 234
anterior capsule stretching, 233
cold applications, 230
cross body stretch, 233
Cyriax mobilization techniques, 232
electroacupuncture, 231
electrotherapy modalities, 230–231
end range mobilization technique, 231, 232
flexion stretching, 233, 234
Latissimus dorsi stretching exercise, 233
manual therapy, 231, 232
Mulligan’s mobilization techniques, 232
pectoralis minor stretching exercises, 233
posterior capsule stretching, 232
proprioceptive exercises, 234
sleeper stretch, 233
upper trapezius stretching, 233
Wand exercises, 233, 234

Functional humeral bracing, 207

G
Gartner and Heyer Classification, 192
GH joint. See  Glenohumeral (GH) joint
Glenohumeral instability, 25
Glenohumeral (GH) joint, 6–8

anterior dislocation
closed reduction for, 130
examination, 129–130
fractures, 131
imaging, 130
management, 131
operative techniques, 132
recurrent instability, 132
soft tissue, 130–131

articular geometry, 301–302
braces, 207, 210
dynamic stabilisers, 128–129

long head of biceps, 129
rotator cuff, 129
scapular stabilisers, 129

injections, 257–258
anterior approach, 258
gadolinium injections, 258
indications, 258
MR arthrography, 258–259
patient position, 258
posterior approach, 258

posterior dislocation, 132–133
chronic posterior dislocation, 134

closed reduction, 133
examination, 133
fractures, 133
imaging, 133
open reduction, 134
recurrent instability and internal fixation, 134
soft tissue, 133

resection arthroplasty, 351–354
instability, 354
postoperative rehabilitation, 354
surgical technique, 354
unfunctional deltoid muscle, 354

shoulder rehabilitation, 218, 227, 228, 231, 234
static stabilisers

IGHL, 128
labrum, 128
MGHL, 128
osseous anatomy, 127
SGHL, 128

Glenohumeral septic arthritis, 164
Glenoid component problems, shoulder arthroplasty

anatomic, 367
with no loosening, 369
reverse, 367–369
structure, 366

Glenoid fractures, 145
Glenoid labrum, 28
Glenoid labrum articular defects (GLAD) lesion, 423
Glucocorticoid injection, 231
Goss classification, 143

H
Habermeyer and Walch classification, 187–188
Hawkins-Kennedy test, 386–387
Hematogenous osteomyelitis, acute, 161–162
Hemiarthroplasty (HA), 116

complications, 120
deltopectoral approach, 119
failed, 323–325
implantation of, 117
osteosuture of tuberosities and peroperative X-ray 

control, 117, 118
postoperative immobilization, 121
rotator cuff damage, 122
tuberosity

consolidation, 119–121
migration, 119, 122
nonunion rate, 121
union rate, 119

Hill Sachs lesion, 27, 419, 422, 428
Horizontal subscapularis splitting approach, 20
Horn blowers sign, 386
Hourglass biceps, 187
Hueter sign, 188
Humeral avulsion of the glenohumeral ligament (HAGL) 

lesion, 419
Humeral component

neck shaft angle, 302
positioning, 302–303
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Humeral component problems
implantation

new glenoid component, 370
new humeral stem, 370

loose stems, 369
periprosthetic fractures, 369
unimpaired stems, 370

Humeral shaft fractures, 207–208
Humerus, 5
Humerus fractures, 321–322
Hyperabduction test, TOS, 62

I
Ideberg classification, 143
Idiopathic adhesive capsulitis, 410
Infection

arthropathy, 277
prevention, 169
primary shoulder, RTSA, 323
RTSA, 336–338

Inferior glenohumeral ligament (IGHL), 128
Inferior glenohumeral ligament complex (IGHLC), 29
Inflammatory arthritis, 276
Inflammatory arthropathy

classification, 153
clinical presentation, 152
conservative management, 153
radiology, 152–153
surgical management, 153–155

Injections. See  Shoulder injections
Instability

anterior, 57–58
RTSA, 333–335

Interactive virtual reality-based simulations, 83
Internal impingement, 54
Intra-articular technique, 376
Intramedullary nailing, 107–108
Intraoperative fracture, 341–342
36-Item Short-Form Health Survey (SF-36), 70

J
Jerk test, 430
Jobe test, 51

empty can, 386
Joint sepsis

clinical findings, 160–161
pediatric shoulder sepsis

acute hematogenous osteomyelitis, 161–162
septic arthritis, glenohumeral joint, 162–164

shoulder sepsis in adults
acromioclavicular septic arthritis, 165
glenohumeral septic arthritis, 164
infection prevention, 169
post-arthroscopy septic arthritis, 164–165
prosthetic infections, 166–167
sternoclavicular septic arthritis, 165–166
treatment, 167–169

systemic factors, 159–160
Judet approach, 23

K
Kennedy-Hawkins impingement sign test, 54, 55
Kim test, 134, 430

L
Labral lesions, 59
Lateral scapular slide (Kibler) test, 216
Latissimus dorsi stretching exercise, 233
Lawnmover exercise, 222
Laxity, 25
LHBT. See  Long head of biceps brachii tendon (LHBT)
Lift off test, 52, 53, 386
Load and shift test, 420–421
Long head of biceps (LHB), 31

classifiation, 388
clinical presentation and physical examination, 

382–383
functional anatomy, 381–382
imaging, 387–388
nonsurgical treatment, 388–389
pathologies

biceps tendonitis, 383
calcific tendonitis, 384
entrapment, 383
instability, 384
rupture and tears, 383
SLAP tears, 383–384

postoperative rehabilitation, 389–390
surgical treatment, 389
tests

belly press test, 386
biceps load test, 386
Hawkins-Kennedy test, 386–387
Horn blowers sign, 386
Jobe’s empty can test, 386
lift off test, 386
O’Brien’s test, 385
selective injection, 387
Speed’s test, 385
upper cut test, 385
Yergasons test, 384–385

Long head of biceps brachii tendon (LHBT)
anatomy

extra-articular part, 187
intraarticular part, 186–187
origo, 186

classification, 187–188
diagnosis, 188–189
disorders, 186
etiology, 188
history, 186
indications, 260
injection technique, 261
non-operative, 189–190
operative, 190–191
pathology, 187
rotator cuff tears, 186
treatment, 189
US-guided biceps tendon sheath injection, 261

Ludington test, 188
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M
Magnuson-Stack procedure, 425
Malposition, shoulder arthrodesis, 379
Malunited proximal humerus fractures, 322–323
Manual therapy approaches, 216

frozen shoulder, 231, 232
rotator cuff repair

functional phase, 243
late medium protection phase, 243
maximum protection phase, 242
medium protection phase, 242–243
minimal protection phase, 243
protective mobilization, 242

McLaughlin procedure, 433
Metaglene/glenosphere positioning, 303–304
Middle glenohumeral ligament (MGHL), 128
Minimally clinically important difference (MCID) 

concept, 69
Modified McLauglin procedure, 433
Mulligan’s mobilization techniques, 232
Musculoskeletal evaluation, 43

N
Neer classification, 103
Neer impingement sign test, 54
Nerve injury, 338–341
Neuropathic arthropathy, 277
Neurovascular evaluation

muscle strength and range of motion, 47–49
reflexes and long-tract sign, 46
sensory examination, 46
vascular examination, 44–46

Non-steroid anti-inflammatory (NSAID) treatment
adhesive capsulitis, 197
LHBT, 189

Nonunion, shoulder arthrodesis, 378–379
NSAII treatment, calcific tendinosis, 194

O
O’Brien’s test, 385
Offset Modular System® (OMS), 116, 117
One-finger test, 56
Osteoarthritis

primary, 276
RTSA

with bone loss, 313–316
with cuff tears, 313

Outlet impingement, 54
Oxford shoulder score, 71

P
Painful arc sign, 55
Pectoralis minor stretching exercises, 233
Pediatric shoulder sepsis

acute hematogenous osteomyelitis, 161–162
septic arthritis, glenohumeral joint, 162–164

Percutaneous pinning, 104–105
Periprosthetic humeral fractures, 207

Perthes lesion, 210, 419
Perturbation exercises, 230
Physical evaluation, shoulder joint

musculoskeletal evaluation, 43
neurovascular evaluation, 44–49
tests for

acromioclavicular joint abnormalities, 56–57
biceps tendon pain, 59–60
labral lesions, 59
manual muscle testing and lag signs, 50–53
rotator cuff disease, 53–56
shoulder instability, 57–59

thoracic outlet syndrome, 60–64
Physiotherapy, 215, 217

adhesive capsulitis, 197
electrotherapy modalities, 216
flexibility loss, reduction

cross body exercises, 220
levator scapula stretching, 220, 221
manual pectoralis minor releasing, 220, 221
manual posterior capsule stretching, 220
sleeper stretch, 220
soft tissue mobilization techniques, 219, 220
unilateral corner stretch, 220

frozen shoulder, 230, 231
hot/cold pack applications, 216
manual therapy approaches, 216
scapular dyskinesia, 218–219
shoulder instability, 235
snapping scapula syndrome, 186
strength loss, reduction

ADL, muscle control and strength for,  
222–225

conscious muscle control, 221–222
scapular control, 224–226

PICO method, 27
Plating, proximal humerus fractures

deltopectoral approach, 107
indications, 105–107
locking plates, 105, 106

Plyometric exercises, 225, 228, 230, 244
POLPSA, 28
Popeye deformity, 190
Popeye sign, 188, 190
Post-arthroscopy septic arthritis, 164–165
Posterior apprehension sign test, 429
Posterior capsule stretching, 232
Posterior load-shift test, 430
Posterior stress test, 134, 430
Primary hemiarthroplasty

early postoperative complications, 111
indication, 108
intraoperative complications, 111
late complications, 111
operative technique, 108
prognostic factors, 108
prosthesis, 109–110
surgical principles, 108
tuberosity fixation, 111

Propioception, 30
Prosthetic infections, 166–167
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Proximal clavicle resection. See  Sternoclavicular joint, 
resection arthroplasty

Proximal humerus fractures
anatomy, 101–102
classification

AO Classification, 103
Codman’s classification, 102
Neer classification, 103

history, 102
nonoperative treatment, 103–104
physical examination, 102
surgical treatment

external fixation, 106
intramedullary nailing, 107–108
percutaneous pinning, 104–105
plating, 105–107
primary hemiarthroplasty, 108–111
reverse shoulder arthroplasty (see  Reverse 

shoulder arthroplasty (RSA))
Pulley lesions, 186
Putti-Platt procedure, 425

R
Regenerative injection therapy (RIT), 190
Resection arthroplasty

acromioclavicular joint, 354
literature on, 356
postoperative rehabilitation, 356
surgical technique, 355–356

glenohumeral joint, 351–354
instability, 354
postoperative rehabilitation, 354
surgical technique, 354
unfunctional deltoid muscle, 354

sternoclavicular joint, 357
Reversed prosthesis, 117

complications, 120
Constant score, 122, 123
functional results, 117, 120
FX reverse prosthesis, 119, 121
implantation of, 118
infection rate, 123
reinsertion of tuberosities, 117, 119
superolateral approach, 122

Reverse shoulder arthroplasty (RSA), 111–112
articular geometry, glenohumeral joint,  

301–302
biomechanics, 293
cuff tear arthropathy, 293–296
development of, 296–301
early stages strengthening, 250
glenoid design, 304
history, 293
humeral component positioning, 302–303
humeral neck shaft angle, 302
long term home follow-up, 251
maximum protection, 249–250
metaglene/glenosphere positioning, 303–304
mid strengthening period, 250–251
3-part and 4-part proximal humerus fractures

diaphyseal locking, 115, 116
height adjustment, 116
hemiarthroplasty, 117–122
OMS, 116, 117
patient selection, 116
primary tuberosity reduction, 116
reversed prosthesis, 117–120, 122–123
tuberosity reattachment, 116

Reverse total shoulder arthroplasty (RTSA)
acute proximal humerus fractures, 321–322
aseptic baseplate loosening, 336
bone tumors, 323
chronic fixed dislocations, 318–319
complications, 328–331
component disassociation, 342–343
cuff tear arthropathy, 309–311
dislocation arthropathy, 316–318
failed hemiarthroplasty, 323–325
failed previous rotator cuff surgery, 311–313
indications, 304–308
infection, 336–338
instability, 333–335
intraoperative fracture, 341–342
malunited proximal humerus fractures,  

322–323
nerve injury, 338–341
patient evaluation, 308–309
primary shoulder infections, 323
revision of failed, 325–328
scapular notching, 331–333
shoulder dysplasias, 319–320

Revision shoulder arthroplasty
attrition, 364
infection, 361–362
instability

anterior, 363
development, 362–363
inferior, 364
superior, 363

loosening
glenoid, 364
humeral, 364

rotator cuff problem, 364
treatment options

glenoid component problems, 366–369
humeral component problems, 369–370
infection, 365–366
instability, 365
revision with implant changing, 365
revision without implant changing, 365

Robbery exercise, 223
Rockwood’s classification system, 416
Roos test, TOS, 63
Rotary stress test, 421–422
Rotator cuff

arthropathy, 276
full thickness tears

arthropathy, 397
atrophy, 396–397
chronicity, 396
fatty infiltration, 396–397
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geometric classifications, 396
mobility, tendon and tissue quality, 396
number of tendons torn, 396
quality of muscle, 396–397
size, 396
subscapularis tears, 397

muscles, 30
partial thickness tears, 395
problems, shoulder braces, 211
quality-of-life score, 72

Rotator cuff repair, 237–239, 244
closed kinetic chain exercises, 244
Codman’s exercises, 243
manual therapy application

functional phase, 243
late medium protection phase, 243
maximum protection phase, 242
medium protection phase, 242–243
minimal protection phase, 243
protective mobilization, 242

massive tears, 241
patient education, 244
resistance exercise, 241

Rotator cuff surgery
approaches, 397–398
arthroscopic approach, 399
balance of forced couples, 399–400
classification systems

full thickness tears, 395–397
partial thickness tears, 395

cuff fixation biomechanics, 401
decompression, 398
deltoid repair, 398–399
diagnostic tests, 393
failed previous, 311–313
history, 393–394
imaging

MR arthrography, 394
MRI, 394
USG, 394

massive contracted immobile anterosuperior rotator 
cuff tears, 402

open approach, 397
open management, 399
pathology, seeing and reaching, 400
rehabilitation, 399
rotator cable, 400
subscapularis tendon tears, 402
tear pattern, 400–401
tendon mobilization and repair, 398
tests, 394

RTSA. See  Reverse total shoulder arthroplasty  
(RTSA)

S
Sawa shoulder brace, 210–211
Scapula, 5
Scapula fracture

anatomy, 141–142
body fractures, 145

classification
AO/OTA, 142–143
Goss, 143
Ideberg, 143

glenoid fractures, 145
Judet approach, 144–145
neck fractures, 144
shoulder suspensory complex, 142
treatment, 143

conservative, 144
operative, 144

Scapular clock exercise, 234
Scapular dyskinesia, 218–219, 227
Scapular notching, 331–333
Scapular retraction exercises, 217, 221, 223–225,  

229, 245, 247
Scapula-thoracic muscles, 31
Septic arthritis, glenohumeral joint, 162–164
Shoulder abnormalities

examination history of shoulder, 40
injuries associated with sports activites, 38
patient history and diagnoses, 37, 41

Shoulder anatomy
acromioclavicular joint, 6
bones and joints, 3
clavicle, 3–5
glenohumeral joint, 6–8 (see also Glenohumeral 

joint)
humerus, 5
muscles, 8–9
neurovascular anatomy, 9–11
scapula, 5
scapulothoracic bursa, 8
sternoclavicular joint, 6
sternum, 3
subacromial space, 8

Shoulder arthrodesis
complications

fractures, 379
malposition, 379
nonunion, 378–379

contraindications, 375
indications

chronic infection, 374–375
failed prosthetic arthroplasty, 374
paralytic disorders, 373–374
reconstruction after tumor resection, 374
refractory instability, 375

shoulder positioning, 375–376
surgical technique

bone graft, 378
external fixation, 376–378
extra-articular technique, 376
intra-articular technique, 376
plate fixation, 378
postoperative management, 378
screw fixation, 378

Shoulder arthroplasty
anatomic (see  Anatomic shoulder arthroplasty)
anatomic total, 365
reverse total, 365
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Shoulder biomechanics
dynamic stabilizers, 30–31
static stabilizers

bony, 26–28
soft tissue, 28–30

Shoulder braces, 205
clavicle fractures, 206–207
features of, 206
humeral shaft fractures, 207–208
rotator cuff problems, 211
shoulder dislocations

A-ER braces, 209
arthroscopic shoulder stabilization, 210
classical Bankart lesion, 210
external rotation, 208–210
glenohumeral joint stability, 210
internal rotation, 208
Perthes lesions, 210
primary therapy, 208
primary traumatic anterior dislocation, 208
Sawa shoulder brace, 210–211

Shoulder dislocations, braces
A-ER braces, 209
arthroscopic shoulder stabilization, 210
classical Bankart lesion, 210
external rotation, 208–210
glenohumeral joint stability, 210
internal rotation, 208
Perthes lesions, 210
primary therapy, 208
primary traumatic anterior dislocation, brace  

position on, 208
Sawa shoulder brace, 210–211

Shoulder dysplasias, 319–320
Shoulder girdle

ACJ injuries (see  Acromioclavicular (AC) joint, 
injuries)

glenohumeral dislocations (see  Glenohumeral  
joint)

Shoulder injections, 257
AC joint, 257, 260
corticosteroids, 257
GH joints, 257–258
imaging modalities, 257
LHBT, 257, 260–261
SA space, 257, 259–260

Shoulder instability
anatomy, 416

dynamic stabilizers, 416
static stabilizers, 416

anterior, 57–58
anterior shoulder instability, 418

anterior apprehension sign test, 420
arthroscopic findings, 423–424
Bristow and Latarjet procedure, 426–427
computerized tomography, 422–423
differential diagnosis, 424
glenoid bony defect, 423
glenoid insufficiency, 423

grading of, 420
Hill-Sachs lesion, 428
immediate arthroscopic Bankart repair, capsular 

shift procedure, 425
initial field treatment, 424
load and shift test, 420–421
magnetic resonance imaging, 423
neurologic evaluations, 422
non operative treatment, 424–425
open/arthroscopic Bankart repair, capsular shift 

procedure, 425, 426
operative indications, 425
operative treatment, 425
physical examination, 420
radiograpy, 422
remplissage technique, 428
risk factors, 418–419
rotary stress test, 421–422
selective capsular shift, 425–426
sulcus sign test, 421
variations of anterior dislocation, 424
vascular evaluations, 422

atraumatic structural, 417
Bankart lesion, 419
causes of, 416
description, 57
epidemiology, 415
habitual non-structural, 417
inferior, 58–59
Kessel and Bayley’s classification system, 417
mechanism, 415, 428, 434
midrange stability, 418
multidirectional instability

classification, 434
complications, 436–437
grading of, 434
imaging, 435
inferior capsular shift procedure, 436
non-operative treatment, 435
operative treatment, 435–436
physical examination, 435
risk factors, 434

posterior, 58
posterior shoulder instability

allograft reconstruction, 434
arthroscopic findings, 430
associated injuries, 429
classification of, 429
complications, 434
computerized tomography, 430–432
differential diagnosis, 430
jerk test, 430
Kim test, 430
magnetic resonance imaging, 430–432
McLaughlin procedure, 433
non-operative treatment, 431
operative treatment, 431–432
posterior apprehension sign test, 429
posterior load-shift test, 430
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posterior stress test, 430
posteroinferior capsular shift procedure,  

432–433
radiograpy, 430
risk factors, 428–429

rehabilitation, 234–236
Rockwood’s classification system, 416
Schneeberger and Gerber’s classification system, 

416–417
shoulder arthroplasty, 428
SLAP lesions, 419
Stanmore’s classification system, 417–418
Thomas and Matsen’s classification system, 417
traumatic structural, 417

Shoulder outcome measures
ASES score, 70
Constant-Murley score, 70
Oxford shoulder score, 71
patient-reported outcome measures

definition, 67
MCID, 69
test-retest reliability, 69
validity and joint specificity, 68

rotator cuff quality-of-life score, 72
SANE, 71
simple shoulder test, 71
UCLA shoulder score, 71, 72
WOOS index, 71
WORC index, 71
WOSI index, 72

Shoulder pathologies. See  Shoulder rehabilitation
Shoulder periarticular disorders, 185
Shoulder rehabilitation

flexibility loss, reduction
cross body exercises, 220
levator scapula stretching, 220, 221
manual pectoralis minor releasing, 220, 221
manual posterior capsule stretching, 220
sleeper stretch, 220
soft tissue mobilization techniques, 219, 220
unilateral corner stretch, 220

frozen shoulder
abduction stretching, 233, 234
anterior capsule stretching, 233
cold applications, 230
cross body stretch, 233
Cyriax mobilization techniques, 232
electroacupuncture, 231
electrotherapy modalities, 230–231
end range mobilization technique, 231, 232
flexion stretching, 233, 234
Latissimus dorsi stretching exercise, 233
manual therapy, 231, 232
Mulligan’s mobilization techniques, 232
pectoralis minor stretching exercises, 233
posterior capsule stretching, 232
proprioceptive exercises, 234
sleeper stretch, 233
upper trapezius stretching, 233

Wand exercises, 233, 234
functional activity level, 216
joint movement, 216–217
muscle strength, 216
pain, 215, 216
palpation, 216
and physiotherapy (see  Physiotherapy)
postoperative, 236–237

anterior capsulolabral repair, 244–245
posterior capsulolabral repair, 245–246
rotator cuff repair, 241–244
SLAP repair, 246
subacromial decompression, 237, 240–241

pre-surgery protocol, 237
proprioceptive exercises, 218, 219
range of motion, 215–216
reverse shoulder arthroplasty, 249–251
scapular dyskinesia, 218–219
scapular movement, assessment of, 216
scapular retraction exercises, 217
shoulder instability, 234–236
strength loss, reduction

ADL, muscle control and strength for,  
222–225

conscious muscle control, 221–222
scapular control, 224–226

subacromial impingement syndrome, 225–226
acupuncture, 226
acute inflammatory phase, 229
capsular stretching exercises, 227
cold application, 226
cross body stretch, 227
electrotherapy modalities, 226
functional phase, 230
plyometric exercises, 228
posterior capsular tension, 227
posterior rotator cuff muscle tendon unit  

tightness, 227
resistive exercise, 228
rotator cuff strengthening, 228, 229
sleeper stretch, 227
soft tissue mobilization techniques, 227
sternoclavicular joint mobilization, 227
subacute phase, 229–230

theraband exercises, 218
total shoulder arthroplasty, 246–247

advanced strengthening period, 248–249
early strengthening period, 247–248
home programme period, 248–249
intermediate strengthening period, 248
postoperative early stage, 247

Shoulder sepsis, adults
acromioclavicular septic arthritis, 165
glenohumeral septic arthritis, 164
infection prevention, 169
post-arthroscopy septic arthritis, 164–165
prosthetic infections, 166–167
sternoclavicular septic arthritis, 165–166
treatment, 167–169
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Simple shoulder test (SST), 71
SLAP lesion. See  Superior labrum anterior and  

posterior (SLAP) lesions
Sleeper stretch, 220, 227, 233
Snapping scapula syndrome

anatomy of, scapulothoracic region, 185
causes, 185
diagnosis, 186
pathoanatomy, 185
treatment, 186

Soft tissue disorders
adhesive capsulitis, 194

classification, 196
clinical evaluation, 196
comparative studies, 197
etiology, 195
history, 195
imaging, 196–197
natural history, 196
pathogenesis, 195
treatment, 197

calcific tendinitis
calcification, 191
characterization, 191
classification, 192
diagnosis, 192–193
history, 191
pathogenesis, 191–192
treatment, 193–194

LHBT
anatomy, 186–187
classification, 187–188
diagnosis, 188–189
disorders, 186
etiology, 188
history, 186
non-operative, 189–190
operative, 190–191
pathology, 187
rotator cuff tears, 186
treatment, 189

snapping scapula syndrome
anatomy of, scapulothoracic region, 185
causes, 185
diagnosis, 186
pathoanatomy, 185
treatment, 186

Soft tissue mobilization techniques, 219, 220, 227, 243
SPADI Penn Shoulder Score, 216
Speed test, 60, 61, 188, 189, 385
Splints and Orthoses. See  Shoulder braces
Stanmore’s classification system, 417–418
Sternoclavicular joint, 6

resection arthroplasty, 357
Sternoclavicular septic arthritis, 165–166
Sternum, 3
Steroid injection

calcific tendinosis, 194
LHBT, 189

Stiff shoulder
anesthesia, 405
arthroscopic release

anterior capsule, 408, 410
complications, 406, 408
inferior capsule, 409, 411
posterior capsule, 408, 411
rotator interval, 406, 409
stiffness pattern, 406, 408
subacromial space, 409–410

degenerative arthritis, 411, 412
diabetic stiffness, 410
freezing phase, 403, 404
frozen phase, 403, 404
idiopathic adhesive capsulitis, 410
indications/contraindications, 404–405
manipulation, 406, 407
postoperative stiffness, 411
posttraumatic stiffness, 411
prevalence of, 403
rotator cuff tears, 412
thawing phase, 403

Subacromial decompression, 237, 240–241
Subacromial impingement syndrome, 193, 221, 225–226

acupuncture, 226
cold application, 226
electrotherapy modalities, 226
shoulder rehabilitation, 225–226

acute inflammatory phase, 229
capsular stretching exercises, 227
cross body stretch, 227
functional phase, 230
plyometric exercises, 228
posterior capsular tension, 227
posterior rotator cuff muscle tendon unit  

tightness, 227
resistive exercise, 228
rotator cuff strengthening, 228, 229
sleeper stretch, 227
soft tissue mobilization techniques, 227
sternoclavicular joint mobilization, 227
subacute phase, 229–230

Subacromial (SA) space
anterolateral approach, 259
indications, 259
lateral approach, 259
patient position, 259
posterior approach, 259, 260

Sulcus sign test, 421
Sulcus Test Grading Scheme, 420
Superior glenohumeral ligament (SGHL), 128
Superior labral anterior to posterior (SLAP) tears, 

383–384
Superior labrum anterior and posterior (SLAP) lesions, 

28, 187, 234, 235, 246
Supraspinatus muscle, 50
Surgical management, shoulder

acromioclavicular joint, 21–22
deltoid split approaches, 21

Index



453

deltopectoral approach
operating room setup, 15–16
surgical incision and dissection, 16–21

Judet approach, 23
posterior approach, 22–23
shoulder instability (see  Shoulder instability)
stiff shoulder (see  Stiff shoulder)

T
Tendinitis, acute, 189
Tenodesis, 190–191
Tenotomy, 190
Thermoplastic materials, 206
Thoracic outlet syndrome (TOS)

Adson test, 61–62
compression test, 62
forms, 60–61
hyperabduction test, 62
Roos test, 63
Tinel test, 63

Three-dimensional (3D) visualization, 77
3D printing, 85–86
kinematic imaging, 82–83
segmentation, 78–80
surface and volume reconstruction, 81
surgical simulation, 83–85
texture mapping, 82, 83

Tinel test, TOS, 63

Total shoulder arthroplasty (TSA), 325
Trapezius pain, 38
Trauma associated arthritis, 277

U
Ultrasound guided needle lavage technique, 194
University of California Los Angeles (UCLA) shoulder 

score, 71
Uppercut test, 188, 189, 385
US-guided biceps tendon sheath injection, 261

V
Vascular evaluation, 44–45

W
Walch62 classification, 283
Wand exercises, 233, 234, 240, 241
Western Ontario osteoarthritis of the shoulder  

(WOOS) index, 71
Western Ontario rotator cuff (WORC) index, 71
Western Ontario shoulder instability index  

(WOSI), 72

Y
Yergason test, 188, 384–385
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